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EXECUTIVE SUMMARY

The purpose of this Nuclear Safety Technical Report (NSTR) 1s to document the hazard
identification, hazard evaluation, accident analysis, and control selection process associated with
the Safety Analysis in support of the Building 991 Complex Final Safety Analysis Report
(FSAR) The primary mussions of the Building 991 Complex are (1) to receive, stage, and ship
Type B shipping contamners containing Special Nuclear Material (SNM), and (2) to receive,
store, and ship Pipe Overpack Containers (POCs), transuranic (TRU) waste containers, and
low-level waste (LLW) containers The risks associated with these activities are evaluated 1n this
report

The Building 991 Complex was previously classified as a moderate hazard facility per
DOE Order 5481 1B, Safety Analysis and Review System, and a nonreactor nuclear facility per
DOE Order 5480 5, Safety of Nuclear Facilities Based upon the inventory of radionuclides
present during the accomplishment of the new mussion of the Building 991 Complex, the
complex 1s now_classified as a Hazard Category 2 nuclear facility in accordance with the
inventory thresholds defined in Attachment 1 of DOE-STD-1027-92, Hazard Characterization
and Accident Analysis Techmques for Complhiance with DOE Order 5480 23, Nuclear Safety
Analysis Reports

An activity-based hazards identification and evaluation of the Building 991 Complex was
performed to identify, evaluate, and control hazards associated with SNM and waste container
recelpt, storage or staging, transfer and shipping operations The hazard 1dentification process
identified 44 hazards or energy sources in the Building 991 Complex Of these, 22 hazards or
energy sources were determined to be standard industnial hazards that were to be controlled by
the Site Safety Management Programs (SMPs) and did not require further evaluation For the
remaining 22 hazards/energy sources, the hazard evaluation process determined how each of the
hazards or energy sources could lead to a release of hazardous material The process 1dentified
37 general accident scenarios leading to releases due to failures of radioactive matenal
contamers These 37 general accident scenarios could be grouped 1nto seven accident scenario
categories The seven postulated accident categones imtially considered for evaluation were
(1) matenal fires (1 e, pyrophoric material fires), (2) facility fires, (3) spills, (4) punctures,
(5) contamer explosions (1 e,nternal hydrogen explosions), (6) facility explosions, and
(7) enticality events

Each of the 37 general accident scenarios were evaluated for each of the identified
radioactive matenial contamners (1e, SNM Type B shipping containers, POCs, TRU waste
containers, metal LLW containers, and wooden LLW crates) under each of the general activities
to be performed 1n the complex using a hazard evaluation process consistent with that defined 1n
DOE-STD-3009-94, Preparation Gwuide for US Department of Energy Non-reactor Nuclear
Facility Safety Analysis Reports The general activities assessed were charactenzation,
treatment, and disposition of excess chemicals, construction, waste generation (e g, drum
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crushing operations, filter change-out), maintenance, receipt, staging, and shipment of SNM,
receipt, storage, transfer, and shipment of waste, routine activities (e g , utihity operations, tenant
activities), and surveilllance @ This more detaled hazard evaluahon process evaluated
1,480 activity / container / scenario combinations These 1,480 combinations were reduced
down to 164 credible scenario combinations in the hazard evaluation process  These
164 credible scenarios were examined 1n the determination of bounding accident scenarios to be
carried forward into the accident analysis process

Twelve accident scenarios were defined in the bounding scenario determination process
with subsequent area-specific considerations (1 ¢ , bounding scenarios were examined for further
distinction related to location of the scenario 1n the Building 991 Complex) The scenarios were
analyzed to determine frequency of imtiating events (including internal, natural phenomena, and
external events), the radioactive matenal releases for scenarios, the consequences of the releases,
and the nsk to the public (as represented by maximally exposed off-site individual (MOI), the
collocated worker at or beyond 100 meters (CW), and the immediate worker IW)) The
postulated accident scenano risk classes (as defined in DOE-STD-3011-94, Guidance for
Preparation of DOE 5480 22 (TSR) and DOE 5480 23 (SAR) Implementation Plans) determined
from the analyses credited preventive and mitigative features currently present in the
Building 991 Complex

Postulated accident scenanos found to be Risk ClassI (major nisk) or Risk Class II
(serious nisk) were further examined to determine if any preventive or mitigative features exist
which, if implemented, could reduce the scenario nisk to Risk Class III (marginal risk) or Risk
Class IV (neghgible risk) These features were noted for inclusion 1n the control set defined by
the Technical Safety Requirements (TSRs) of the FSAR The nisk associated with postulated
accidents scenarios found to be Risk Class III or Risk Class IV are low enough to not require
further evaluation

As stated above, a total of twelve accident scenarios (mne operational accidents and three
natural phenomena accidents) were analyzed Of these twelve scenarios, seven scenario
evaluations imitially resulted 1n a Risk Class I or Risk Class II to either the MOI, the CW, or the
IW (the puncture scenario had one of its four evaluated cases result in a Risk ClassI or II to
either the MOI, CW, or the IW) Of the accident scenanos evaluated, none resulted 1n a MOI
radiological dose consequence exceeding 5 rem (the highest MOI radiological dose was 2 6 rem)
The highest CW radiological dose consequence was 350 rem for an extremely unlikely TRU
waste container explosion event

The accident scenanos yielding Risk Class I or Risk Class II results are presented in the
table below_(high nisk receptors shaded and shown in bold text) The mtial risk determinations
are presented for each of the receptors as determined during the accident analysis In some cases
the dominant accident scenarios were further mitigated by crediting ventilation system high
efficiency particulate air (HEPA) filtration, as indicated in the table For other cases, a more
realistic risk class determination for each high risk receptor 1s presented with an explanation of
the analysis conservatism that was removed
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Based on the information in the table and after analysis conservatism is removed, the
highest nsk non-operational accident scenario deals with a Design Basis Earthquake (DBE) and
yields a Risk Class II to the CW (unlikely frequency, moderate consequences) and a Risk Class II
to the IW (unlikely frequency, moderate consequences) The highest nsk operational accident
scenario involves the puncture of two 55-gallon TRU drums This scenario yields a Rusk Class II
to the CW (unlikely frequency, moderate consequences) _A container explosion presents the
This scenario resulted 1n a Risk
Class II to the CW (extremely unlikely frequency, high consequences)

final accident scenario that yielded high risk to a receptor

Risk Dominant Accident Scenario Results

pallet of TRU waste [

P T . - PR 4
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1 MW fire m U /000026 rem | Consequences reduced
mnvolving 3 TRU m U/0035rem | crediting a single stage of
waste drums HEPA filtration
2 MW fire Consequences reduced
nvolving 6 TRU v EU/0071 rem | crediting a single stage of
waste drums v HEPA filtration
Medium to large m U /0 0048 rem More realistic container
fire involving m U/016rem matenial-at-nsk
4 LLW crates I
Spill involving a il A /0023 rem Consequences reduced
: m A/00031 rem | crediting a single stage of
1I

drums _ HEPA filtration

Puncture of 2 TRU Consequences reduced

waste drums, dock assuming only a single

doors o con unctured

Puncture of 2 TRU Consequences reduced

waste drums, dock m U/00062rem | crediting a single stage of
doors closed HEPA filtration

Container explosion More likely container (drum),
of 1 TRU waste box more appropriate material

dock doors open
Container explosion

dock doors closed
DBE event-induced
spill

of 1 TRU waste box [ ESESN

EU /035 rem

Consequences reduced

crediting & single stage of
HEPA filtration

u7o

More realistic container

1 matenal-at-nsk, Median ¢/Q

rather than 95* percentile

Rationale for the acceptability of these results 1s presented 1n a later section of this report
The Safety Analysis that follows requires that certain preventive and mitigative controls be

maintained

These controls have been developed in Appendix A, Building 991 Complex

Technical Safety Requirements, of the FSAR The TSRs include three Limiting Conditions for
Operation (LCOs) and nine Admimstrative Controls (ACs) ACs are specific adminstrative
controls/limits (1 e , the administrative equivalent of a hardware requirement) and are more
precise and discrete than the program elements of a SMP  Specific program elements of SMPs
that are relied on, as identified 1n the safety analysis, are specified in Chapter 3, Safety
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Management Programs, of the Building 991 Complex FSAR Operation of the Building 991
Complex in conformance with the limits derived by this Safety Analysis assures there will be no
undue nisk to workers and the public
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1. HAZARD AND ACCIDENT ANALYSIS INTRODUCTION

Various hazards are currently present 1n the Building 991 Complex and will be discussed
in this chapter The most significant hazards with potential to impact public risk found in the
Building 991 Complex are associated with radioactive matenals in the form of Category I and II
Special Nuclear Materials (SNM) and radioactive wastes The Category I and II SNM 1s only
found 1n Department of Transportation (DOT) approved, Type B shipping containers, which are
received by Building 991 and staged in the facility in preparation for off-site shipment The
radioactive waste matenals are pnimarily stored in 55-gallon drums meeting on-site shipping
specifications and/or DOT specifications, however, the facility may receive and store
Transuranic Package Transporter I (TRUPACT II) Standard Waste Boxes (SWBs) and
DOT-7A, Type A Metal Waste Boxes The 55-gallon waste drums may be standard Transuranic
(TRU) waste drums or Pipe Overpack Contamners (POCs) In addition, wooden Low-Level
Waste (LLW) crates may be received and stored in the Building 991 West Dock Canopy Area

This Nuclear Safety Techmical Report (NSTR) addresses the identification and the
evaluation of the hazards associated with the Building 991 Complex primary mission
movement and storage of hazardous radioactive materials/waste It evaluates the consequences
of postulated accidents leading to radiological and/or toxicological (chemical) releases that may
be caused by internal, external, and natural phenomena-related events The evaluated potential
consequences and rnisks (frequency times consequence) to workers, both immediate and
collocated, and the public, as represented by the maximum [exposed] off-site individual (MOI),
are presented Preventive and/or mitigative features (structures, systems, and components
(SSCs) or elements of adminstrative programs) credited to reduce risk by lowering postulated
accident frequencies and/or by reducing receptor consequences have also been 1dentified so that
an approprate set of operational controls could be derived In addition, discussions addressing
hazard 1dentification, hazard evaluation, accident analysis methodology, nsk classification
methodology, and final nuclear facility hazard classification are presented Appendix A of this
NSTR provides the supporting calculations for the analyses that follow
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2. REQUIREMENTS

The standards, regulations, and DOE Orders reviewed 1n support of the development of
the authorization basis for the Building 991 Complex are listed below Only portions of the
listed documents are relevant to the Final Safety Analysis Report (FSAR), namely, those that
cover requirements pertinent to FSAR preparation, hazard 1dentification and evaluation, Safety
Analysis, nsk classification, nuclear facility hazard classification, and operational controls A
comprehensive hsting of standards and regulations addressing occupational safety and
environmental protection 1s not provided

Revision 2

Facility Safety, DOE Order 420 1 (Ref 1)

This Order addresses operational controls dealing with Natural Phenomena Hazards
Mitigation, Fire Protection, General Design Criteria, and Criticality Safety

Nuclear Safety Analysis Reports, DOE Order 5480 23 (Ref 2)

This Order specifies the requirement for FSAR preparation for nuclear facilities The
Order also specifies that the FSAR should include identification and evaluation of
both nuclear and non nuclear hazards

Hazard Categorization and Accident Analysis Techmques for Comphance with DOE
Order 5480 23, Nuclear Safety Analysis Reports, DOE Standard 1027-92 (Ref 3)

This Standard addresses nuclear facility hazard classification by defining threshold
gram/ cune facihity mventory limts for various radlonuchdes corresponding to
Hazard Category 2 and 3 nuclear facihities.

Guidance for Preparation of DOE 548022 (TSR) and DOE 548023 (SAR)
Implementation Plans, DOE Standard 3011-94 (Ref 4)

This Standard addresses hazard identification and evaluation by providing guidance
on performing a Preliminary Hazards Analysis (PHA) The Standard also addresses
nisk classification by defining candidate consequence evaluation guidelines and risk
categones for postulated accident scenarios

Preparation Guide for US Department of Energy Nonreactor Nuclear Facility
Safety Analysis Reports, DOE Standard 3009-94 (Ref 5)

This Standard addresses FSAR preparation by providing guidance on the
implementation of DOE Order 548023 The Standard also addresses hazard
identification / evaluation and Safety Analysis by providing guidance on the analysis
techniques and level of detail

Nuclear Safety Management Quality Assurance Requirements, Code of Federal
Regulations, 10 CFR 830, Department of Energy, Washington, D C, 1995 (Ref 6)

This Code of Federal Regulation (CFR) subpart addresses operational controls by
prescribing quality assurance requirements that are generally applicable to DOE
nuclear facilities
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3. METHODOLOGY

3.1 OVERVIEW OF THE HAZARDS AND ACCIDENT ANALYSIS PROCESS

The Safety Analysis presented 1n this chapter uses a Preliminary Hazard Analysis (PHA)
technique to 1dentify and evaluate the hazards and postulated accident scenarios associated with
the Building 991 Complex This techmque begins by 1dentifying existing or potential hazards
(e g, radioactive sources, radioactive wastes, chemicals, or non-material hazards (e g, thermal
energy sources, pressure sources, electrical energy sources)) in terms of quantity, form,
packaging, location, affected or affecting activities, and recogmzed preventive and/or mitigative
features (SSCs or elements of administrative programs) associated with the hazard

Based on the information developed by the PHA and presented 1n the hazards description
table, determinations are made on whether further evaluation of specific hazards are necessary
In general, no further evaluation 1s performed on those hazards (1) that could be characterized
as Standard Industrial Hazards and (2) that have limited 1mpact on postulated accident 1mtiation
frequency, accident mitigation, and accident consequences Industnal hazards that could only
lead to occupational mnjuries or illnesses are addressed by the Industnal Hygiene and Safety
program, as discussed in Chapter 3, Safety Management Programs, of the FSAR

For those hazards determined to require further evaluation, a hazards evaluation matrix 1s
developed relating 1dentified Bulding 991 Complex activities with corresponding hazards in
order to denve postulated accident scenarios For each postulated accident scenario, the hazards
evaluation matrix presents (1) scenario descriptive information including the corresponding
activity and hazard leading to the scenario, (2) a categorization of the accident type, and (3) a
qualitative assessment of scenario frequency, consequences, and risk class assuming 1dentified,
mherent preventive and mitigative features are in place Based on the information presented 1n
the hazards evaluation matrix, postulated accident scenarios of higher nsk are selected as
candidate, bounding accident scenarios for further, detailed evaluation Bounding accident
scenarios are identified for each of those postulated accident scenarios that are not carned
forward for further analysis Any inherent preventive and/or mitigative features associated with
the bounded scenarios that resulted 1n the scenario being low nisk are assigned to the bounding
scenarios 1n order to carry forward all credited preventive and mitigative features

In some cases, a bounding accident scenario qualitative frequency assessment may be
further refined using event tree methodology displaying accident progression and impact of
identified preventive and/or mitigative features In all cases, the bounding accident scenarto
qualitative consequence assessment 1s refined using Site consequence evaluation tools
Quantitative estimates of scenario 1mtial [respirable] source terms (ISTs) are determined based
on (1)estimated damage ratios (DRs) associated with the postulated accident scenario,
(2) bounding matenal-at-nsk (MAR) estimates associated with analyzed activities and expected
radioactive or chemical containers, and (3) airborne respirable release fractions (ARRFs) taken
from Airborne Release Fractions/Rates and Respirable Fractions for Nonreactor Nuclear
Facilities, DOE-HDBK-3010-94 (Ref 7), for radioactive matenal release scenarios Scenario
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consequences are determined using (1) the ISTs, (2) estimates of applicable, facility leakpath
factors, (3) Site atmospheric dispersion values, (4) receptor breathing rates, and (5) dose
conversion factors for radioactive material releases Risk classifications of the bounding accident
scenarios are then determined using a qualitative binning methodology based on the refined
accident frequency and the newly determined quantitative estimates of accident consequence

In those cases where a bounding accident scenario 1s determined to present a high nisk,
evaluations are performed to 1dentify any additional preventive or mitigative features that could
be used to lower the scenario nsk Risk dominant accident scenarios (1 e, scenarios presenting
the highest nisk following the crediting of preventive and mitigative features) at the completion
of the Safety Analysis evaluations are discussed in depth The adequacy of and vulnerability
associated with credited preventive and mitigative features are presented for each sk dominant
accident scenario
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3.2 RISK CLASSIFICATION METHODOLOGY

The nisks associated with postulated accident scenarios identified 1n the hazard evaluation
tables or evaluated as bounding accident scenarios, as discussed 1n the previous section, can be
categonized according to a combination of the scenario frequencies and consequences, as shown
in Table 1 The categonization bins accident scenario nsk into one of four risk classes For the
purpose of this document, nisks associated with Risk Class I accident scenarios are considered
major, risks associated with Risk Class II scenarios are serious, Risk Class III accident scenario
nsks are marginal, and Risk Class IV accident scenano nsks are considered negligible In
addition, Rusk Class I and II accident scenarios are considered to be high-risk scenarios, and Risk
Class III and IV scenarios are considered to be low-risk scenarios The nisk class associated with
each of the accident scenarnos to be 1dentified and evaluated 1n the remainder of this report will
be determined based on the Table 1 categorization scheme

Table 1 Risk Classes — Frequency Versus Consequence

FREQUENCY-OF OCCURRENCE
EXTREMELY -UNLIKELY ’
CONSEQUENCE UNLIKELY ~betiweend0*and *|  ANTICIPATED
P <10 events/year ;}gdgggegj&%%gﬁgf 437107 events/year
HIGH Il I I
MODERATE I I I
LOW v it} I

As stated earlier, inherent preventive and mitigative features required to be 1n place 1n
order to maintain those Risk ClassIII and IV accident scenarios identified in the hazard
evaluation tables as low-risk scenanos are carned forward with corresponding bounding accident
scenarios Postulated accident scenarios identified 1n the hazard evaluation tables as Risk Class I
or II scenarios are evaluated further to determine 1f any preventive or mitigative features exist,
which 1f implemented, could reduce the scenario nisk to a Risk Class III or IV category The
collection of the credited preventive and mitigative features associated with imtial and bounding
scenar1o evaluations are carried forward into the development of the control set in Appendix A,
Building 991 Facility Technical Safety Requirements

For those postulated accident scenarios that are evaluated to be Risk ClassI or II
scenarios and for which no preventive or mitigative features can be 1dentified to reduce the
scenano nisk class, discussions related to the acceptability of the high-risk scenarios will be
provided to ensure that the DOE 1s cogmizant of facility nisks
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The application of Table 1 requires frequency bin and consequence bin assignments
Consequence bin assignments will be discussed in the following sub-sections Frequency bin
assignments are i accordance with DOE-STD-3011-94, 1e, events more frequent than
10? per year are classified as anficipated, those with frequencies between 10 per year and
10 ? per year are classified as unlikely, and those less frequent than 10 per year are classified as
extremely unlikely  These frequency bin terms and assignments are consistent with
DOE-STD-3009-94 qualitative hkelithood classifications Low-likelthood high-risk scenarios are
identified and discussed in those instances where the nisk potential of the postulated accident
scenario 1s judged to be significant relative to other credible scenarios Estimates of scenario
frequency are generally qualitative but may be quantitatively defined, 1n some cases, with the use
of event trees In cases where sufficient qualitative arguments for lower, accident scenario
frequencies cannot be made, the scenano 1s classified as anticipated

3.2.1 Radiological Risk

Radiological dose consequence evaluations are performed using the following equation
Dose =MAR * DR * ARRF * LPF * y/Q * BR * DCF/PDC

where MAR 1s the radioactive matenal-at-risk (in grams, varies with scenario),

DR 1s the MAR damage ratio (varies with scenario),

ARREF 1s the arrborne respirable release fraction (varies with form of radioactive
matenal and scenario),

LPF 1s the facility leakpath factor (imtially set to 1.0, vanes with scenario),

/Q 1s the atmospheric dispersion factor (1n s/m’, varies with receptor and scenario),

BR 1s the receptor breathing rate (in m’/s, set for heavy activity),

DCEF 1s the radiological matenal dose conversion factor (in rem/gram, varies with
matenal type), and

PDC 1s the plume duration correction factor (varies with scenario)

The PDC value 1s used for accident scenarios with a duration longer than 10 minutes
(e g, large fires) The PDC value 1s used to modify the atmospheric dispersion value to correct
for plume meander during the scenario The formula used for determining plume meander for
longer duration releases 1s as follows

PDC = (plume duration 1n minutes / time base)"

where the time base 1s 10 minutes, “n” has a value of 0 2 1f the plume duration 1s less than or
equal to 60 minutes, otherwise, “n” has a value of 0 25

The atmospheric dispersion factors (y/Q values) used mn the radiological dose
consequence evaluations are based on the receptor (1 e, distance from the pomt of release), the
type of accident scenario (7 e, non-lofted plume or lofted plume), and modeling assumptions
(1 e, use of conservative 95" percentile values or median (50" percentile) values) In most cases,
the atmospheric dispersion factors represent 95 percentile x/Q values developed from an
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analysis of actual Site weather data Two receptors are 1dentified for analysis (1) the public as
represented by the maximum off-site individual (MOI) and (2) the collocated worker (CW)

The shortest possible distance from the Building 991 Complex to a MOI located at the
Site boundary was determined to be 2,367 meters using tables found in RFP-5098, Safety
Analysis and Risk Assessment Handbook (SARAH) (Ref 8) and this distance 1s used 1n the
determination of MOI %/Q values, 1n most cases, as part of radiological dose consequence
evaluations As 1n the case of the CW, if the maximum %/Q value 1s realized at a distance greater
than 2,367 meters as a result of accident scenario modeling assumptions, the higher x/Q value 1s
used 1n the analysis For example, the maximum, 95® percentile %/Q value for the MOI for a
lofted plume occurs at a distance of 4,020 meters since the plume 1s “lofted” over the person at
the Site boundary, as discussed in RFP-4965, Reference Computations of Public Dose and
Cancer Risk from Airborne Releases of Uranium and Class W Plutomium (Ref 9)

The CW distance from the point of release, for most cases, has been set at 100 meters to
be consistent with other safety analyses at the Site (e g, the Safety Analysis Reports (SARs) for
Building 906 and the 750/904 Pads (Ref 10 and Ref 11, respectively)) This approach departs
from the distance of 600 meters, which 1s suggested for use by DOE-STD-3011-94 (Ref 4) If
the maximum %/Q value 1s realized at a distance greater than 100 meters as a result of accident
scenario modeling assumptions, the higher ¢/Q value 1s used 1n the analysis For example, the
maximum, median %/Q value for the CW for a lofted plume occurs at a distance greater than
100 meters since the plume 1s “lofted” over the CW at 100 meters This overall approach for
analyzing CW radiological dose consequences 1s more conservative than the DOE Standard
approach and 1s appropriate for the following reasons (1) many CWs are closer to the
Building 991 Complex than 600 meters due to the proximity of other Site faciliies and the
compactness of the Site, (2) the mmmmum distance used 1n formulations supporting the Gaussian
plume atmospheric dispersion model 1s 100 meters, and (3) distances associated with evaluated
maximum %/Q values occurring beyond 100 meters are encompassed by the Site boundary

The term “immediate worker” (IW) 1s used to describe the individual who could be
located 1n close proximity to the postulated accident scenario release location or who could be
located within the Building 991 Complex For immediate worker consequences, a qualitative
judgment of acute radiological effects 1s made It does not include latent cancer effects, per the
guidance provided in DOE-STD-3009-94 (Ref 5) Scenario related effects (e g, burns from
fires, injuries from energetic events) are discussed 1n the accident scenario summaries but are not
included 1n the determination of the scenario nisk class

Radiological dose consequences corresponding to the High, Moderate, and Low
consequence bins identified in Table 1 are defined by the comparison criteria developed 1n
DOE-STD-3011-94 and shown 1in Table 2 Radiological dose consequence bin thresholds for the
MOI and CW are defined 1n terms of 50-year, Committed Effective Dose Equivalent (CEDE)
radiological doses As stated above, radiological dose consequences for the IW are determined
qualitatively, therefore, the radiological dose consequence bin thresholds for the IW are defined
qualitatively

Revision 2 9 NSTR-011-98
September 1999 B991 Complex FSAR Support




Table 2 Radiological Dose Consequence Bin Thresholds

CONSEQUENCE

MOI DOSE CW DOSE
CONSEQUENCE BIN | CONSEQUENCE BIN
THRESHOLD THRESHOLD

IW CONSEQUENCE

prompt death

{unmitigated/mitigated
cnticalities}

HIGH dose > 5 rem dose >25 rem

MODERATE

serious mjyury
/ {unmitigated fires,
explosions, spills,
mitigated explosions}

5rem 2 dose >0 1 rem 25rem 2 dose > 0 5 rem

<MODERATE
{mitigated fires, spills}

LOW 0 1 rem 2 dose 0 5 rem > dose

Table 2 also displays a set of qualitative guidelines for assessment of immediate worker
consequences Deviations from these guidelines may occur for specific accident scenanos based

on the amount of credit taken for mitigative features Actual immediate worker consequence

assessments take into account the following considerations

Timing of Radiological Release — Some accident scenanos, like fires, can develop
quickly, but not so quickly as to preclude evacuation as an effective mitigation
measure Other scenanos, like criticalities or explosions, can entail significantly more
rapid radiological exposure, lessening the impact of evacuation on consequences

Hazard Warning — The availability of a rehable hazard warning and the timing of the
warning relative to significant radiological exposure may impact immediate worker
consequences Warning may be provided by engineered systems (e g . fire alarms,
warning announcements on the Life Safety/Disaster Warmng (LS/DW) system) or by
the event 1tself (e g . smoke from a fire, drum lid displacement)

Scenario Impact on Protective Action Capability — Accident scenanos involving
energetic events, like explosions, can cause damage to structures or injury to

personnel _The structural damage and/or personnel injury can impede immediate

worker egress, thus. increasing potential radiological consequences

Appropriate Focus for Preventive or Mitigative Measures — The only effective
measures to protect the immediate worker for some accident scenarios, like
criticalities, may be preventive However, other workers 1n the facility may be aided
by mitigative measures Consequences to the attending worker 1n such an instance

may not be a useful test of the adequacy of proposed mitigative measures
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e Potential Exposure Magmtude and Exposure Pathway — The seventy of radiological
inyury 1s a function of the magmtude of the accident scenario release and the pathways

for transport to and absorption by workers Inhalation 1s typically the dominant

exposure pathway

e Consequence Uncertainty for the Immediate Worker — The radiological thresholds for

prompt death and serious injury vary among individuals and are stochastic effects In

a_quantitative 1mmediate worker consequence evaluation, any defined radiological
thresholds would have to be compared to localized radiological doses that are difficult
to calculate and are beyond the scope of this effort Thus, a qualitative evaluation of
immediate worker consequences 1s implemented and the methodology employs
conservatism When the qualitative evaluation conservatism 1s combined with the
effectiveness of imposed controls, the actual immediate worker protection may be
more effective than a quantitative radiological threshold and evaluation would

uire

Radiological doses for the MOI and CW are calculated using the Radiological Dose
Template (Ref 12)

3.2.2 Chemical And Other Hazardous Material Risk

Toxicological consequence evaluations for postulated accident scenarios involving
chemicals and other hazardous materals are determined using a combination of qualitative and
quantitative evaluation techmques as discussed below The receptors 1dentified for analysis are
(1) the MOI, (2) the CW, and (3) the IW The defimition and location of the receptors of interest
are the same as for the radiological consequence evaluations discussed in Section321,
Radiological Risk

Hazardous matenals can exist throughout a facility and may be in vanous forms In
support of the determination of hazardous matenal nsks, hazardous matenal inventories are
defined 1n four general categories (1) hazardous matenals in waste, (2) process chemicals,
(3) bulk or product chemucals, and (4) 1n situ hazardous materials

The hazardous materials in waste category includes Resource Conservation and Recovery
Act (RCRA) containerized wastes, Toxic Substances Control Act (TSCA) containerized wastes,
and non-RCRA / non-TSCA hazardous matenal containerized waste The containers utilized for
holding hazardous matenals include, 1n part, 55-gallon drums, metal standard waste boxes, and
wooden waste crates The hazardous matenals, 1In many cases, may be located 1n the same
containers as radioactive materials Information regarding containerized waste may be obtained
from the Site-wide Waste and Environmental Management System (WEMS) database or
equivalent faciity databases These databases contain characterization information for each
waste container including waste type, container type, Item Description Code (IDC) or Waste
Form code (WFC) designation, assigned Environmental Protection Agency (EPA) waste codes,
and waste compatibility codes
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The process chemicals category includes chemicals that have been introduced into
processes that were suspended or never activated or have been introduced 1nto current operating
processes Any chemical holdup in solution piping 1s included in this category Process
chemicals, 1n some cases, may contain radioactive matenals Information about process
chemicals 1s generally determined by interviews with facility personnel

The product or bulk chemical category includes chemicals that are planned for use and
are currently being stored in the facility Bulk chemicals are not contaminated with radioactive
materials Information about bulk chemicals may be obtained from the Site-wide Integrated
Chemical Management System (ICMS) database or equivalent facility databases

The 1n situ hazardous matenals category includes hazardous matenals that exist in the
facility as part of structure (e g, lead-base paints located on walls and floors, asbestos containing
ceiling panels, floor tiles, or walls, polychlorinated-biphenyl (PCB) containing equipment like
fluorescent highting or transformers). In general, in situ hazardous matenals are fixed in place
and, 1n some cases, may be contaminated with radioactive materials

Hazardous chemicals and other matenals 1n the facility that are 1dentified as being 1n one
of the four hazardous material categories are screened against (1)the Threshold Planning
Quantity (TPQ) values hsted in List of Regulated Substances and Thresholds for Accidental
Release Prevention, 40 CFR 355 (Ref 13), (2) the Threshold Quantity (TQ) values hsted n
Process Safety Management (PSM) of Highly Hazardous Chemucals, 29 CFR 1910119,
(Ref 14) and Risk Management Programs for Chemical Accidental Release Prevention,
40 CFR 68, (Ref 15), and (3) the Reportable Quantity (RQ) values listed 1n List of Hazardous
Substances and Reportable Quantities, 40 CFR 302 (Ref 16) Hazardous matenals of interest
that may be found on the Site are listed in Appendix D of the SARAH (Ref 8) along with TPQ,
TQ, and RQ values If the quantity of the hazardous matenal 1n the facility 1s below TPQ, TQ,
and RQ values, the matenal does not require further evaluation

For hazardous maternals that do not have TPQ or TQ values but have RQ values and the
quantity of material in the facility exceeds the RQ value, qualitative arguments dealing with
dispersibihity and programmatic controls associated with the hazard are used to complete the
hazard evaluation These types of hazardous matenals, 1n general, only pose threats to the IW
and/or the environment and not to the CW or the public

For hazardous matenals with facility quantities in excess of specified TPQ or TQ values,
a quantitative evaluation of accidental releases of the matenal 1s performed Determinations are
made of chemical concentrations at the CW and MOI receptor locations using Site-accepted
chemical dispersion modeling tools as 1dentified in the SARAH (Ref 8)

For immediate worker consequences, a qualitative judgment of acute toxicological effects
1s made Scenario related effects (e g, burns from fires, injunies from energetic events) are
discussed 1n the accident scenario summaries but are not included in the determination of the
scenarto risk class
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Toxicological consequences corresponding to the High, Moderate, and Low consequence
bins 1dentified in Tablel are defined by the companson critena developed 1n
DOE-STD-3011-94 and shown 1n Table 3 Toxicological consequence bin thresholds for the
MOI and CW are defined in terms of Emergency Response Planming Guideline (ERPG) values,
published by the American Industnal Hygiene Association (Ref 17) These guidelines include a
set of three numbers (ERPG-1, ERPG-2, and ERPG-3) that quantify the air concentrations for each
chemical, corresponding to low, moderate, and severe health effects in humans exposed to the
chemical concentration for up to one hour The “up to one hour” guideline 1n the defimtion of
ERPGs 1s interpreted to mean “peak 15-minute average” by the Energy Facility Contractors Group
(EFCOG) Non-radiological Hazardous Matenals Safety Analysis Subgroup Concentrations of the
vartous chemicals are calculated at the receptor locations and compared to the assigned ERPG
values (or alternative values) 1n order to determine a consequence bin assignment 1n accordance
with Table 3 The Toxic Chemical Hazard Classification and Risk Acceptance Guidelines for Use
in DOE Facilities (Ref 18) discusses alternative standards for cases where no ERPG value has
been assigned As stated above, toxicological consequences for the IW are determined
qualitatively, therefore, the toxicological consequence bin thresholds for the IW are defined
qualitatively

Table 3 Chemical Toxicological Consequence Bin Thresholds

R »‘zsﬂ;;%m‘%* 2 j o
a‘}?‘ I § Bear 3
CON "”an‘fi’mcx icoRe
HIGH concentration > ERPG-2 | concentration > ERPG-3 prompt death
MODERATE not applicable not applicable serious mjury
LOW concentration < ERPG-2 | concentration < ERPG-3 <MODERATE
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4. HAZARD ANALYSIS

4.1 HAZARD IDENTIFICATION AND DESCRIPTION

Ths section 1dentifies the radioactive matenals and other hazardous matenals present in
the Building 991 Complex as well as 1dentifying hazards and energy sources that may contribute
to a radiological or toxicological release Imtial hazard identification for the complex was
accomplished by reviewing radiological and other hazardous matenal inventories currently 1n the
facilities, by interviewing facility personnel for additional hazardous matenals that may be
present during the conduct of Building 991 Complex activities, and by performing facility
walkdown 1nspections

A standardized general hazard checklist presented in the SARAH was used during the
walkdown to identify the general hazard categories present in the Building 991 Complex The
SARAH describes the checklist and its application. The hazards specific to the Building 991
Complex are 1dentified mn the general hazard checklist shown in Table4 Of the 13 hazard
categories appearing on the general checklist, 11 hazards were found to be present in the
Building 991 Complex

The general hazards identified 1n Table 4 are summarized 1n more detail 1n Table 8 The
hazard descniption 1n the table and the corresponding text provides sufficient detail to justify the
classification of 1dentified hazards as Standard Industnal Hazards (1 e, hazards that only lead to
occupational injuries or 1llnesses and that have limited impact on postulated accident iitiation
frequency, accident mitigation, and accident consequences) Standard Industrial Hazards are
considered to be sufficiently controlled by the set of SMP elements listed in Chapter 3, Safety
Management Programs, of the FSAR and are not analyzed further Hazards that have not been
classified as Standard Industrial Hazards are carried forward into the Safety Analysis

Table 4 Facility General Hazard Identification Checklist

g

HAZARD S HAZARD DEFINITION YES/NO

f
i

1 High Voltage Electrical systems or components that have voltages greater than 600 V, including AC Yes
electnc power distribution systems from Site power

2 Explostve Substances | Explosive devices or chemicals that are being prepared or used 1n explosive devices No
(e g, blasting caps, squibs, dynamite) as designated in 49 CFR 173 50 (Ref 19), does
not include potentially explosive gases or chemicals

3 Direct Radiation Sources that produce 10mzing radiation at a known level (e g, X-ray machmes, Yes
Sources accelerators, sealed sources)
4  Radroactive Materials | Radioactive matenals that are dispersible (1 e require low energy for release), does Yes

not include sealed sources or nontransferable contamination

5  Thermal Energy Hazards that are capable of producing burns, starting fires, causing undestred Yes
chemical reactions, or productng hazardous vapors, including hot surfaces
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Table 4 Facility General Hazard Identification Checklist

HAZARD HAZARD DEFINITION YES/NO

6  Pressure Sources High-pressure systems (hiquid or gas) that are capable of rupturing, producing Yes
damaging missiles, or hazardous matenal dispersal energy, including compressed ar
used as a facility utility and standard compressed gas bottles

7  Kimetic Energy Moving or rotating equipment that 1s capable of breaching hazardous matenal Yes
containers or producing damaging missiles

8 Potential Energy Systems, components, or situations that have stored energy, including chemical Yes
systems (e g, large battery banks), electrical systems (e g, large capacitor banks), or
mechanical systems or situations (e g, large elevated masses, raised waste containers)

9  Hazardous Chemicals | Chemicals or materials that are considered toxic, noxious, or otherwise hazardous Yes
or Matenals (e g RCRA listed, TSCA listed)

10 Inadequate Areas or rooms that are susceptible to low or inadequate ventilation where flammable Yes
Ventilation gases, hazardous vapors, or asphyxiants may accumulate (¢ g, confined spaces)

11 Matenial Handling Operations that involve continuous handling of matenals (e g, waste contamer receipt Yes

and shipment)

12 Unknown or Matenials or chemicals that are of unknown nature (e g, unmarked containers) No
Unmarked Materials

13 Other Hazards Hazard or concern that does not fit into a specific hazard category, (e g, areas with Yes

high combustible loading, areas with high levels of contamination, areas particularly
susceptible to natural phenomena, shock sensitive chemacals, explosive gases)

Table 8 lists the eleven general hazards identified 1n the facility and specifies more detail
dealing with each hazard Hazard charactenization information dealing with hazard attributes
such as descnption, quantity, form, packaging, and location are provided in the table and further
discussed 1n the corresponding hazard sub-section text

Some hazards are only present for specific activities that are being conducted or specific
situations (e g, kinetic energy associated with forklifts is only applicable when the forklifts are
bemng used). The table 1dentifies those activities from Section 12, Complex Mission And
Activities Overview, of the FSAR to which a specific hazard may be applicable Apphicable
activities are defined as activities that can create or interact with specific hazards Acronyms for
activity titles that are used throughout the remainder of the Safety Analysis are defined in
Table 5 Tables are presented 1n each hazard discussion sub-section that define the interactions
between hazards and activities These tables, at a mimimum, 1dentify those activities that
(1) operate, use, manipulate, or move the hazard (1f applicable), (2) maintain or repair the hazard
(f applicable), and (3) inspect or test the hazard (if applicable) Additional interactions are
defined as appropnate to specific hazards (e g, activities that may indirectly approach a hazard)
These tables are mtended to present the most hikely activity/hazard interactions and are not
mtended to cover every possible interaction between activities and hazards The information 1n
these tables 1s based on analyst judgment and 1t should be expected that a different analyst would
indicate different interactions, however, the differences are not expected to be sigmficant Two
levels of interaction are 1dentified Defimite activity interaction with a hazard will be indicated
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by a “yes” in the table, and possible activity interaction will be indicated by a “may” 1n the table
In erther case, Table 8 will indicate the activity 1n the “Interact Activities” column for hazards
considered to be Standard Industrial Hazards For hazards that are carried forward 1n the Safety
Analysis, the entry under the “Interact Activities” column of Table 8 1s ADB (Analyzed 1n Detail
Below)

Table 5 Acronyms for the Building 991 Complex Activities

ACRONYMYCODE | SECTION ’ g
CHEM/E 121 Characterization, Treatment, and Disposition of Excess Chemicals
CON/F 122 Construction
GEN/A 123 Waste Generation
MAINT/G 124 Maintenance
SNM./B 125 Receipt, Staging, and Shipment of Special Nuclear Matenal
WASTE/C 126 Receipt, Storage, Transfer, and Shipment of Waste
RA/H 127 Routine Activities
SURV/D 128 Surveillance

Two general classes of hazards may exist in the Building 991 Complex: (1) dispersible
hazards (e g, radioactive matenal, hazardous chemicals) that must be contained or confined to
protect receptors, and (2) hazards that can potentially act on the containment or confinement of
other hazards (e g, moving equipment, combustibles)  The hazardous components of
non-dispersible hazards that can impact the IW (e g, high voltage electricity, moving equipment)
but cannot impact the CW or the public are considered to be addressed by Site programs and are
not the focus of the hazard evaluation process This hazard evaluation process presumes that
hazardous, dispersible maternals are contained in packages that may be susceptible to breach by
mechamcal, chemical, or thermal means The process also presumes that the domunant
dispersible hazards deal with radioactive matenials and will only address chemical hazards in
cases where significant quantities, relative to specified TQs or TPQs, are available for release

Table 8 and the explanatory text identify a set of candidate general protective features
that can be used to reduce the nsk associated with the specified hazard for those hazards that are
determined to be Standard Industrial Hazards The approach used in the determination of
protective features associated with a hazard focuses on how the hazard potentially interacts
mechamically, chemically, or thermally with the containment or confinement barriers for
hazardous matenals 1n the Building 991 Complex In addition, a set of worker safety protective
features 1s 1dentified for each hazard charactenized as a Standard Industrial Hazard, which will
not be further evaluated For IW safety, three levels of protection are always addressed, even 1f
no protection exists for the level (1) physical barners around or dealing with the hazard that can
protect the worker (e g, fences, shielding), (2) general classes of protective equipment for the
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worker (e g, protective clothing, breathing devices), and (3)administrative 1mposed
requirements to protect the worker (e g, postings, lockout/tagout) The set of protective features
for IW protection 1s not intended to be a complete hsting Rather, protective features covering
those aspects of the hazard that are considered to place the IW at most nisk are histed

Each of the specified features that 1s credited in making the determination that the hazard
1s a Standard Industnal Hazard will have a corresponding Site program from Chapter 3, Safety
Management Programs, of the FSAR 1dentified as the credited program  Acronyms
corresponding to Site programs that are used 1n the following tables are defined 1n Table 6 For
hazards that are carned forward in the Safety Analysis, the entry under the “Credited Protective
Features” column of Table 8 1s ADB (Analyzed in Detail Below)

Table 6 Acronyms for the Site Safety Management Programs

ACRONYM - &S‘xﬁﬂ%ﬁﬂi‘% " SAFETY MANAGEMENTEROGRAMBITLE
ORG Organization and Management
CONFIG 34 Configuration Management
CRIT 35 Cniticality Safety
ER 36 Emergency Response
EPWM 37 Environmental Protection and Waste Management
FIRE 38 Fire Protection
S&IH 39 Safety and Industnal Hygiene
MAINT 310 Maintenance
NUC 3 Nuclear Safety
OR 312 Occurrence Reporting
QA 313 Quality Assurance
RAD 314 Radiation Protection
RMDC 315 Records Management and Document Control
TRAIN 316 Tramning
TRANS 317 Transportation
WORK 318 Work Control

An 1ndication of the general types of accident scenarios associated with Non-Standard
Industnal Hazards 1s provided in the “Remarks” column of Table 8 For each hazard that 1s to be
carried forward in the Safety Analysis, potential accident scenarios involving the hazard or
caused by the hazard are 1dentified Seven general types of accident scenarios are used to
characterize the spectrum of analyzed events The seven accident scenarno types are listed and
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defined in Table 7 The table addresses the accident types in terms of events involving
radioactive matenals but the general accident scenario types could also be applied to other
hazardous maternals (e g, chemicals)

Table 7 General Types of Accident Scenarios in Safety Analysis

SCENARIO TYPE

GENERAL ACCIDENT SCENARIO DESCRIPTION

Matenal Fire

This accident scenario type 1s used to cover fires caused by pyrophoric radioactive
material exposures to air (1 e, container breach) The Building 991 Complex will handle
contamers containing pyrophoric radioactive metals as part of the SNM activity and
potentially as part of the WASTE activity and as required to support the conduct of the
CHEM, CON, MAINT, and SURYV activities (¢ g, movement of containers prior to
performing work) This type of fire 1s distinguished from the “Facility Fire” scenario type
due to the mntiating event mechanism differences (2 ¢ , more spill-like than fire-like)

Facility Fire

This accident scenario type is used to address fires occurring within the Building 991
Complex that can be caused or exacerbated by the conduct of the CHEM, CON, MAINT,
and RA activities (e g, mixing incompatible chemicals, errors while performing hot work,
mtroduction of combustible matenal) or can occur during the conduct of radioactive material
receipt and shipment under the GEN, SNM, and WASTE activities (1 e, use of transport
vehicles containing fuel)

Spill

This accident scenano type 1s used to cover spills of confined radioactive matenal as
the result of radioactive material contamner drops during the handling of the containers under
the conduct of the GEN, SNM, and WASTE activities, as required to support the conduct of
the CHEM, CON, MAINT, and SURV activities (e g, movement of materials prior to
performing work), and due to inadvertent contact with contamers durmg the conduct of the
CON, MAINT, SNM, and RA activities (e g, vehicle contact with containers during
movement of “non-hazardous” materials for construction)

Puncture

This accident scenario type 1s used to cover punctures of containers contaming
radioactive matenal as the result of radioactive material container contact with forkhift tines
during the handling of the contamers under the conduct of the GEN, SNM, and WASTE
activities, as required to support the conduct of the CHEM, CON, MAINT, and SURV
activities (e g, movement of matenals by forkhft prior to performing work), and due to
madvertent contact with contaners during the conduct of the CON, MAINT, SNM, and RA
activities (e g, forkhift contact with containers during movement of “non-hazardous”
matenals for construction) This type of spill 1s distinguished from the “Spill” scenario type
to draw attention to the spill resistance of the Type B shipping and the POC versus the
Type B shipping and the POC susceptibility to puncture events

Contamner
Explosion

This accident scenarto type 1s used to cover waste container hydrogen explosions as a
result of the handling of the contamers under the conduct of the WASTE activity, as required
to support the conduct of the CHEM, CON, MAINT, and SURYV activities (¢ g, movement
of contamners prior to performing work), and due to mnadvertent contact with contamers
during the conduct of the CON, GEN, MAINT, SNM, and RA activities (e g, vehicle contact
with contamers during movement of “non-hazardous™ materials for construction) This type
of explosion 1s distinguished from the “Facihity Explosion” scenario type due to the mitiating
event mechanism differences (i e , container movement can lead to contawmner explosion
where the mtroduction of flammable gas 1s needed for facihity explosion)
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Table 7 General Types of Accident Scenarios in Safety Analysis

SCENARIO TYPE

GENERAL ACCIDENT SCENARIO DESCRIPTION

Facility Exploston

This accident scenario type 1s used to address explosions occurring within the
Building 991 Complex that can be caused by the conduct of the CON and MAINT activities
(e g, errors while using propane) and can impact radioactive material containers associated
with the GEN, SNM, and WASTE activities

Cnticality

This accident scenario type 1s used to cover radioactive material criticalities as a result
of the rearrangement of containers under the conduct of the SNM and WASTE activities, as
required to support the conduct of the CHEM, CON, MAINT, RA, and SURV activities
(e g, movement of contamers prior to performing work), and as a result of other accident
scenarios 1nitiated by any of the activities
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4.1.1 High Voltage (Hazard/Energy Source 1)
13 8kV Transformers (Sub-hazard 1A)

Two 13 8 kV to 480 V transformers are located on the outside of Building 991 1n an area
east of the facility The transformers present a significant electrical hazard that potentially can

initiate fires and electrocute personnel

The transformer area 1s generally cleared but grasses

(1e, potential for external event range fire) are located near the transformer enclosure No
radioactive matenals are located close enough to the transformers to be impacted by transformer-
related hazards and, therefore, the hazard associated with the transformers 1s considered a
Standard Industrial Hazard and will not be further evaluated However, low voltage electric
power systems are located 1n areas containing radioactive material and are potential fire imitiators
(see Section 4 1 4) Interactions of the hazard with activities are shown 1n Table 9

Table 9 13.8 kV Transformer Hazard Activity Interaction

SEC ACTIVITY
INTERACTION _ “CHEM | CON GEN MAINT | SNM | WASTE [ RA SURY
Operates/Uses/Manipulates/Moves yes
Maintains/Repairs yes
Inspects/Tests may
Indirectly Approaches/Nears may may may may

Protective features credited in the determination that the 13 8 kV transformers are a
Standard Industrial Hazard are shown 1n Table 10

Table 10 13.8 kV Transformers Hazard Protective Features

Interaction

Separation from combustibles

ISSUE APPLICABLE | GENERAL FEATURE FUNCTION CREDITED GENERALFEATURES -
Mechanical Interaction no
Chemucal Interaction no
Thermal and Electrical yes Separation from hazardous matertals Current configuration control [CONFIG]

Combustible control [FIRE]

Worker Safety yes Physical barriers Fenced area, insulated enclosure [S&IH]
Protective equipment Insulated clothing, insulated equipment [S&IH])
Administrative Work control, postings, training, lockout/tagout
[WORK, S&IH TRAIN]
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4.1.2 Direct Radiation Sources (Hazard/Energy Source 3)
Sealed Sources (Sub-hazard 3A)

Sealed sources are identified in Table 11 and are radioactive matenal sources stored
within source lockers and vaults 1n the complex The sources present a radiation hazard that
potentially can yield significant personnel radiation exposures The sources, :n most cases,
contain relatively small amounts of radioactive matennal However, there are multiple sources
with non-trivial quantities of radioactive material The Cune quantities shown 1n the table come
from source information, the gram quantities are derived using gram-per-Curie ratios developed
from DOE-STD-1027-92 (Ref 3) Even though some sources contain non-trivial quantities of
radioactive materal, the sources are considered a Standard Industrial Hazard due to the ngor
associated with source packaging These hazards will not be further evaluated Interactions of
the hazard with activities are shown 1n Table 12

Table 11 Radioactive Sources

NUCLIDE | REGISTRY # LOCATION PRESENT AMOUNT g® | PRESENT ACTIVITYuCi®
By AS-518 Room 170 11 2 30E+01
13Ba AS-553 Room 170 2 0E-08 4 91E+00
1338, AS-554 Room 170 2 0E-08 4 89E+00
133, AS-966 Room 170 3 6E-08 9 00E+00
133Ba AS-967 Room 170 3 6E-08 9 06E+00
33Ba AS-968 Room 170 5 1E-08 1 28E+01
¥R, AS-969 Room 170 5 3E-08 1 32E+01
1338, AS-970 Room 170 9 6E-08 2 40E+01
133Ba AS-971 Room 170 9 6E-08 2 41E+01
138, AS-972 Room 170 1 0E-07 2 58E+01
13, AS-973 Room 170 1 3E-07 3 13E+01
1$3Ba TS-1687 Room 170 7 9E-09 1 97E+00
1338, TS-1688 Room 170 8 6E-09 2 16E+00
133Ba AS-1689 Room 170 2 0E-08 5 O6E+00
1338, TS-1690 Room 170 6 6E-09 1 66E+00
1338, AS-1691 Room 170 1 4E-08 3 45E+00
13Ba AS-1692 Room 170 2 1E-08 5 24E+00
B1Cs AS-1694 Room 170 1 1E-07 9 41E+00
191Cs AS-839 Room 160 9 6E-07 8 32E+01
927 TS-943 Room 164 54E-14 5 00E-04
B8py AS-5 Room 150 4 4E-03 7 50E+04
B9py AS-14 Room 150 97 6 00E+06
»cf AS-482 Room 150 2 7E-07 1 44E+02
BICe AS-483 Room 150 2 7E-07 1 44E+02
mCs AS-603 Room 150 3 SE-11 1 88E-02
B AS-629 Room 150 4 9E-09 2 64E+00
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Table 11 Radioactive Sources

NUCLIDE REGISTRY # LOCATION PRESENT AMOUNT g | PRESENT ACTIVITY nCi®
®20f AS-632 Room 150 4 9E-09 2 64E+00
»0f AS-636 Room 150 4 9E-09 2 64E+00
¥Am AS-2850 Room 170 3 3E-06 1 15E+01
B9py AS-2904 Room 132 1 9E-07 1 20E-02
B31Cs AS-551 Room 170 9 2E-08 7 99E+00
B9py AS-3696 Room 170 11 6 65E+04
»9py AS-3697 Room 170 22 1 39E+05
Zpy AS-3698 Room 170 58 3 59E+06
B9py AS-3699 Room 170 10 6 49E+05
BIpy AS-3700 Room 170 25 1 57E+06
BSY AS-3701 Room 170 40 8 65E+01
92 AS-3917 Room 164 7 2E-06 6 66E+04

(1) AsofMayé6, 1998

Table 12 Sealed Sources Hazard Activity Interaction

A .. ACTIVITY N
INTERACTION -] CHEM { ZCON"*| .GEN “|MAINT | SNM | WASTE | RA | SURV-
Operates/Uses/Manipulates/Moves yes may
Maintains/Repairs.
Inspects/Tests yes

Protective features credited in the determination that the sealed sources are a Standard
Industrial Hazard are shown in Table 13

Table 13 Sealed Sources Hazard Protective Features

ISSUE APPLICABLE | GENERAL FEATURE FUNCTION CREDITED GENERAL FEATURES
Dispersibility yes Containment Source package [S&IH]
Mechanical Interaction no
Chemical Interaction no
Thermal Interaction no
Worker Safety yes Physical barriers Source package shielding [S&IH, RAD]

Protective equipment Dostmetry, leaded clothing [RAD]

Adminmistrative Source inspection source package quality, postings
work control ALARA, training, source use
evaluation, source control [S&IH, RAD QA,
WORK, TRAIN MAINT, ORG]
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X-ray Device (Sub-hazard 3B)

A portable X-ray device (Sub-hazard 3B) 1s located and used 1n Room 164 The radiation
generating device presents a romzing radiation hazard that potentially can yield sigmificant
personnel radiation exposures Due to the distance separating the X-ray device from the CW and
the public, radiation generated by the device poses no nisk to either receptor For this reason, the
X-ray device 1s considered a Standard Industrial Hazard and will not be further evaluated
Interactions of the hazard with activities are shown 1n Table 14

Table 14 X-ray Device Hazard Activity Interation

_* ACTIVETY. & °%

INTERACTION CHEM CON GEN MAINT | *SNM *| WASTE RA SURV
Operates/Uses/Manipulates/Moves yes
Maintains/Repairs yes
Inspects/Tests yes

Protective features credited in the determination that the X-ray device 1s a Standard
Industnal Hazard are shown 1n Table 15

Table 15 X-ray Device Hazard Protective Features

ISSUE APPLICABLE | GENERAL FEATURE FUNCTION CREDITED GENERAL FEATURES
Radiation yes Remote location Current configuration control [CONFIG)
Mechamical Interaction no
Chemical Interaction no
Thermal Interaction no
Worker Safety yes Physical barriers Device, shielding [S&IH, RAD])

Protective equipment Dostmetry [RAD)
Administrative Device inspection, postings, work control, training,
device control [S&IH, RAD, WORK, TRAIN, ORG]

4.13 Radioactive Matenals (Hazard/Energy Source 4)
Category I and II SNM (Sub-hazard 4A)

Part of the mission of the Building 991 Complex 1s to receive, stage, and then ship DOT
approved, Type B shipping contamners contaiming Category I and II quantiies of plutonium,
uranium, and/or americium metals and/or oxides The radioactive materials present a significant
radiological hazard that potentially can yield IW, CW, and public radiation exposures Release
mechanisms for the material include (1) exposure of pyrophoric matenal to atmosphere with
subsequent fires, (2)material nvolvement in non-pyrophoric, facility fires, (3) material
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involvement 1n container spill events, (4) matenal involvement 1n container puncture events,
(5) matenal involvement 1n facility explosion events, and (6) criticality events Many of these
release mechanisms are expected to be precluded due to the ngor of the Type B shipping
container The Type B shipping containers containing Category I or II SNM are not opened 1n
the Building 991 Complex Exposure of pyrophoric matenal to the atmosphere 1s also expected
to be precluded since the receipt of SNM 1n Building 991 will comply with the requirements
spectfied 1n 1-W89-HSP-31 11 (Ref 20), on-site transportation procedures, and Department of
Transportation (DOT) procedures which limit the amount of known pyrophoric matenial The
quantity of WG Pu or uranium 1n the Type B shipping container vanes for each contamner
Category I SNM requires two or more kilograms of plutontum metal or six or more kilograms of
plutontum oxide The Category I and II SNM hazard 1s further evaluated and the activity
interactions and protective features are 1dentified 1n later sections of this report

Waste Containers (Sub-hazard 4B)

Part of the mission of the Building 991 Complex 1s to receive, store, and then ship on-site
transportation approved shipping containers containg plutontum, uramum, and/or americium
contaminated wastes The radioactive matenals present a significant radiological hazard that
potentially can yield IW, CW, and pubhc radiation exposures Release mechanmisms for the
matenal include (1) exposure of pyrophoric waste metal to atmosphere with subsequent fires,
(2) matenal mvolvement 1n non-pyrophonc, facility fires, (3) matenal involvement in container
spill events, (4) material involvement 1n contamner puncture events, (5) hydrogen generation 1n
contamers with subsequent container explosion events, (6) material mvolvement mn facility
explosions, and (7) criticality events The contaminated waste matenial shipping containers are
not opened 1n the Building 991 Complex The quantity of WG Pu or uramum 1n the waste
shipping contaner varies for each container type The maximum fissile matenal loading (in
terms of WG Pu equivalent dose impact) for each analyzed container 1s shown in Table 16 and
are based on (1) upper-bound quantities for containers within the defined waste category, 1n the
case of LLW containers, (2) container fissionable material limits imposed by Cnticality Safety,
in the case of TRU waste containers other than POC containers, and (3) container fissionable
material limits mmposed by Cnticality Safety in combmmation with a maximum planned
americium loading, 1 the case of POC contammers This table 1s presented to support
development of accident scenanos (to deterrmne the effecive MAR) and should not be
interpreted as Nuclear Matenal Safety Limits (NMSLs) for the complex
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A conservative estimate of the number of TRU waste drums that can be stored 1n the
Building 991 Complex 1s 4,792 drums This estimate 1s based on the following assumed room
inventones and stacking arrangements

Room 134 850 drums 4 tiers Room 135 24 drums 1 tier
Room 140/141 600 drums 3 tiers Room 142 80 drums 2 tiers
Room 143 300 drums 3 tiers Room 147 60 drums 1 tier
Room 148 20 drums 1 tier Room 151 400 drums 3 tiers
Room 153 104 drums 2 tiers Room 155 120 drums 1 tier
Room 158 56 drums 1 tier Room 166 650 drums 4 tiers
Room 170 768 drums 4 tiers Building 996 160 drums 1 tier

Building 998 600 drums 2 tiers

The above room loading assumptions are not intended to be restrictions on room
inventories or stacking arrangements but are used only as estimates of the building 1nventory
These data are presented to support development of accident scenarios (to determine the effective
MAR) and should not be interpreted as an overall hmit for radioactive waste matenal for the
complex Conservative assumptions dealing with damage ratios, inventories, and container
contents that go into the MAR estimate for accident scenarios are expected to cover all vaniations
of the drum totals and stacking arrangements except for significant departures (more than 25%
increases) from the above assumptions The waste container hazard 1s further evaluated and the
activity interactions and protective features are 1dentified 1n later sections of this report

The chemucal and physical forms of the containerized wastes vary, but are categonzed by
the Item Description Code (IDC) or Waste Form Code (WFC) assigned to them The wastes are
contamunated primarily with WG Pu Uranium contaminated wastes may be found in the
complex but are not explhcitly evaluated, WG Pu postulated release evaluations are used to
bound simular scenario releases involving uramium due to the signmficantly higher DCF associated
with plutomum versus urantum Some of the wastes may be contaminated with higher
concentrations of amencium than normally found in WG Pu from the decay of *'Pu to *'Am
The hazards associated with the lhigher americium content packages are addressed 1n
USQD-RFP-97 0510-TLF, Americium Quantities Greater Than Analyzed in the FSARs
(Ref 21) The Unreviewed Safety Question Determination (USQD) concluded that the existing
Building 991 Complex authonzation basis does not 1dentify any controls on americium 1n the
complex This Safety Analysis will address the 1ssue of americium 1n waste contatners and will
1dentify appropriate controls associated with the material
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Table 16 Analyzed Waste Container Material Loading

Container Type ‘Waste Type Analyzed WG Pu Equivalent Limits
55-gallon waste drum LLW 0 5 grams
55-gallon waste drum TRU waste 200 grams
POC TRU waste 1,255 grams
wooden crate LLW 3 grams
TRUPACT II SWB TRU waste 320 grams
metal waste box LLW & TRU waste 3 grams (LLW) and 320 grams (TRU)

Contamination (Sub-hazard 4C)

The Building 991 Complex has handled radioactive materal containers of various types
throughout 1ts history However, no 1dentified contamination of any sigmficance 1s present in the
facilities Previously removed High Efficiency Particulate Air (HEPA) filters from the plenums
supporting the Building 991 Complex have had no contamination of significance but are treated
as LLW No waste containers and Type B shipping containers are to be opened 1n the facility so
the generation of any new contamination 1s limited to accidental spills The very limited
radioactive matenial contamination existing outside of containers presents a possible radiological
hazard that potentially can yield personnel radiation exposures The HEPA filters 1n the plenums
and the drums processed through the drum crushing activity are treated as LLW and have the
potential to contain small amounts of contamination Based on the experience from past
operation of the facihities and the restriction from opening contamners in the facilities,
contamination outside of waste containers 1s considered a Standard Industrial Hazard with no
nisk posed to the CW or the public and will not be further evaluated Interactions of the hazard
with activities are shown 1n Table 17

Table 17 Contamination Hazard Activity Interaction

ACTIVITY
INTERACTION CHEM CON GEN MAINT SNM WASTE RA SURY
Operates/Uses/Manipulates/Moves yes may may may yes may
Marintains/Repairs
Inspects/Tests yes
Indirectly Approaches/Nears may yes may yes yes

Protective features credited in the determination that contamination 1s a Standard
Industrial Hazard are shown 1n Table 18
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Table 18 Contamnation Hazard Protective Features

ISSUE APPLICABLE | GENERAL FEATURE FUNCTION CREDITED GENERAL FEATURES
Dispersibility yes Containment of contamination No container opening [EPWM]
Mechanical Interaction no
Chemuical Interaction no
Thermal Interaction no
Worker Safety yes Physical barners Confinements [RAD]

Protective equipment Dosimetry, respiratory protection, contamination
protection clothing [RAD])

Administrative No contaner opening, maintenance work evaluation,
area surveys, radiation work permuts, work control,
postings, ALARA, training [EPWM, MAINT, RAD,
WORK, TRAIN]

4.1.4 Thermal Energy (Hazard/Energy Source S)

Heated Water (Sub-hazard 5A)

Heated water 1s used for heating of various buildings 1n the Building 991 Complex The
heated water enters the facility in Room 166 from the adjacent bullding containing natural gas
heated boilers From Room 166, the heated water goes to Room 137 from which 1t 1s distributed
throughout the facility The heated water lines present a thermal hazard that can potentially burn
facility personnel but 1s not a potential fire initiator since the temperature of the water 1s less than
201°F No radioactive matenals are located close enough to heated water lines to be impacted by
thermal hazards associated with hot water and, therefore, the thermal hazard associated with
heated water 1s considered a Standard Industrial Hazard and will not be further evaluated
Interactions of the hazard with activities are shown 1n Table 19

Table 19 Heated Water Hazard Activity Interaction

ACTIVITY
INTERACTION CHEM CON GEN MAINT SNM WASTE RA SURV
Operates/Uses/Manipulates/Moves yes may
Maintains/Repairs may yes
Inspects/Tests yes

Protective features credited 1n the determination that heated water 1s a Standard Industnal
Hazard are shown 1n Table 20
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Table 20 Heated Water Hazard Protective Features

ISSUE APPLICABLE | GENERAL FEATURE FUNCTION CREDITED GENERAL FEATURES
Mechanical Interaction no
Chemucal Interaction no
Thermal Interaction yes Limutation on temperature Current configuration control [CONFIG]
Separation from hazardous matenials Current configuration control [CONFIG, EPWM)]
Worker Safety yes Physical barmers Piping, insulation [S&IH]
Protective equipment Non-absorbent thermal protection clothing [S&IH])
Admntstrative System mspection/monitonng, mamtenance work
cvaluation, work control, labeling, traming [S&IH,
ORG, MAINT, WORK, TRAIN]

Propane (Sub-hazard 5B

As part of the Building 991 Complex operations, flammable gas torches may be used for
pipe brazing or other tasks A small, hand-held propane torch 1s the expected flammable gas
component The torch use is not expected to be a frequent activity, but some use of the torch is
expected Locations for use are not defined and may include waste storage areas The propane
flammable gas associated with the torch could result in (1) exposure of pyrophoric waste metal
to atmosphere with subsequent fires due to a propane explosion in proximity to containers,
(2) facility fires involving propane or direct contamner exposure to torch flame, (3) facility
explosions involving propane, and (4) rearrangement of containers with subsequent criticality
events due to a propane explosion 1n proximity to containers In addition, propane storage tanks
are located on elevated terrain, west of the Building 991 Complex and may pose a hazard to the
complex 1f breached The propane hazard 1s further evaluated and the activity interactions and
protective features are 1dentified 1n later sections of this report

Natural Gas (Sub-hazard 5C)

As part of the Building 991 Complex operations, natural gas boilers are used to heat
water for portions of the facility heating system The natural gas line to the boiler building 1s
above ground to the north-east of Building 991 (1 e, near Room 166) The boiler building 1s
located to the east of Room 166 and to the north of the 13 8 kV transformers Failure of the
boilers or natural gas lines could result in (1) exposure of pyrophoric waste metal to atmosphere
with subsequent fires due to a natural gas explosion 1n proximity to containers, (2) facility fires
involving natural gas, (3) facility explosions involving natural gas, and (4) rearrangement of
contaimners with subsequent criticality events due to a natural gas explosion 1n proximity to
containers The natural gas hazard 1s further evaluated and the activity interactions and
protective features are 1dentified 1n later sections of this report

Pyrophoric Matenals (Sub-hazard 5D)

Part of the mission of the Building 991 Complex 1s to receive, stage, and then ship DOT
approved, Type B shipping containers containing Category I and II quantities of plutonium or
uranium metal Also, as part of the Receipt, Storage, Transfer, and Shipment of Waste activity,
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an on-site transportation approved, 10-gallon shipping container containing uranium fines was
stored 1n the facility The radioactive matenial metals and fines are potentially pyrophonc and
may spontaneously ignite when exposed to atmosphere The pyrophoric matenals present a
significant radiological hazard that potentially can yield IW, CW, and public radiation exposures
following the 1gmition and burning of the radioactive matenal as covered by matenal fires in the
Safety Analysis The Type B shipping containers and the waste drum provide protection aganst
the exposure of the pyrophoric material to air The Type B shipping containers and the waste
containers are not opened in the Building 991 Complex The quantity of WG Pu or uramium 1n
the Type B shipping container vanes for each container Category I SNM requures two or more
kilograms of plutonium metal or six or more kilograms of plutomum oxide The quantity of
uramum 1n the uramum fines 10-gallon waste drum 1s conservatively estimated to be 200 grams
(fissionable material drum himit imposed by Criticality Safety) The 10-gallon drum contaiming
potentially pyrophoric uranium fines 1s no longer 1n the facility but a hazard associated with a
himited number of waste containers containing pyrophoric uranium fines 1s considered The
pyrophoric radioactive material hazard i1s further evaluated and the activity interactions and
protective features are identified 1n later sections of this report

Electric Power System (Sub-hazard 5E)

Electnnic power winng and electrical components exist throughout the Bulding 991
Complex Falure of the electric power system by shorts or loss of insulation could result in
(1) exposure of pyrophoric waste metal to atmosphere with subsequent fires due to 1gnition of an
explosion 1mn proximity to contamners, (2)1igmtion of facility fires mvolving combustibles,
(3) 1gnition of facility explosions involving flammable gases, and (4) rearrangement of
containers with subsequent criticality events due to 1gmition of an explosion 1n proximity to
containers The electric power system hazard 1s further evaluated and the activity interactions
and protective features are identified 1n later sections of this report

Electric Heaters (Sub-hazard 5F)

Portions of the Building 991 Complex do not have heating support from the heated water
system and alternative means for conditioning the air 1n the locations are requred Room 166
and Room 167 of Building 991 and Building 989 have electric heaters to maintain proper
temperatures 1n the areas Room 166 has three ceiling-mounted heaters, Room 167 has
one heater, and Building 989 has two heaters The electric heaters present thermal and electrical
hazards that can potentially result in the imtiation of a fire, burn personnel, and electrocute
personnel No radioactive materials are located in Room 167 or Building 989 but the diesel
generator serving the complex 1s located in Building 989 Fires mmtiated by the heaters in
Building 989 could impact the complex electric power supply, but the loss of electric power to
the complex 1s dominated by other electrnical system failure modes Fires impacting backup
power supplies would have little contribution to the overall frequency associated with complex
loss of power A fire in Room 167 1s not expected to propagate to other parts of Building 991
(2 ¢, Room 166) due to the concrete wall between the two rooms and the two windows 1n
Room 167 that would fail during any significant fire and reduce the wall heat loading
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Unlike Room 167 and Building 989, Room 166 may be used for waste container storage
The heaters 1n Room 166 are ceiling mounted, which reduces the thermal and fire initiation
hazard posed by the heaters on the waste containers potentially stored in the room General fire
imtiation frequencies corresponding to electric power system failures and personnel errors are
used 1n the Safety Analysis and bound any fire imtiation frequency contnibution related to the
elevated heaters and stored waste contamers. Due to the location of the electric heaters relative
to any sources of radioactive material and the frequency dominance of other imitiators dealing
with fires over electric heater mmitiation of fires, the thermal, fire mitiation, and electrocution
hazard associated with the electric heaters 1s considered a Standard Industrial Hazard and will
not be further evaluated Interactions of the hazard with activities are shown 1n Table 21

Table 21 Electric Heaters Hazard Activity Interaction

T~ nn ot TED ACTIVITY S
INTERACTION "CHEM-3 CON . GEN | MAINT | SNM | WASTE | *RA SURV
Operates/Uses/Manipulates/Moves yes
Maintams/Repairs yes
Inspects/Tests yes

Protective features credited mn the determination that the electric heaters are a Standard
Industnial Hazard are shown i Table 22

Table 22 Electric Heaters Hazard Protective Features

ISSUE APPLICABLE | GENERAL FEATURE FUNCTION CREDITED GENEkKLF!?A‘I‘UkESf‘ "
Mechanical Interaction no
Chemical Interaction no
Thermal Interaction yes Maintenance of system insulation System maintenance [MAINT)
Separation from hazardous materials Current configuration control [CONFIG, EPWM]
Separation from combustibles Combustible control [FIRE]
Worker Safety yes Physical barmers Elevation, heater enclosures [S&IH]
Protective equipment Thermal protection clothing, insulated clothing
[S&IH]
Admimstrative System inspection/monitoring, maintenance work
evaluation, work control, postings, training [S&IH,
FIRE, ORG, MAINT, WORK, TRAIN}

Diesel Generator, Day Tank, Batteries (Sub-hazard 5G)

The Bulding 991 Complex 1s supported by a backup power diesel generator and
associated auxiliary equipment Building 989 contains a diesel generator, a day tank containing
up to 180 gallons of diesel fuel, and starting batteries This combined set of equipment presents
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thermal and electrical hazards that can potentially result in the imitiation of a fire, burn personnel,
and electrocute personnel No radioactive matenals are located 1n or near Building 989  Fires
initiated by the diesel generator and auxiliary equipment could impact the complex electric
power supply, but the loss of electric power to the complex 1s dominated by other electrical
system failure modes Fires impacting backup power supplies would have little contribution to
the overall frequency associated with complex loss of power Due to the location of the diesel
generator and auxihary equipment relative to any sources of radioactive matenal and the
frequency dominance of other imtiators dealing with loss of electric power over fires 1n the diesel
generator building, the thermal, fire initiation, and electrocution hazard associated with the diesel
generator and auxihiary equipment 1s considered a Standard Industrial Hazard and will not be
further evaluated Interactions of the hazard with activities are shown 1n Table 23

Table 23 Diesel Generator, Day Tank, Batteries Hazard Activity Interaction

R . s@@m ¢
INTERACTION CHEM | CON " GEN MAINT SNM WASTE RA SURV
Operates/Uses/Manipulates/Moves yes
Maintains/Repairs yes
Inspects/Tests yes

Protective features credited in the determination that the diesel generator, day tank, and
batteries are a Standard Industrial Hazard are shown 1n Table 24

Table 24 Diesel Generator, Day Tank, Batteries Hazard Protective Features

ISSUE APPLICABLE |-GENERAL FEATURE FUNCTION ‘CREDITED GENERAL FEATURES
Mechanical Interaction no
Chemical Interaction no
Thermal Interaction yes Maintenance of system barners System maintenance [MAINT]
Separation from hazardous materials Current configuration control [CONFIG, EPWM]
Separation from combustibles Combustible contro! [FIRE}
Worker Safety yes Physical barriers Separate facility, locked facility [CONFIG, ORG}
Protective equipment Thermal protection clothing, insulated clothing
[S&IH])
Administrattve System inspection/monitoring, maintenance work
cvaluation, work control, postings, traimng [S&IH,
FIRE, ORG, MAINT WORK, TRAIN)

Transport Vehicles (Sub-hazard SH)

Part of the mission of the Building 991 Complex 1s to receive and ship DOT approved,
Type B shipping contamners containing Category I and II quantities of plutomum, uranium,
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and/or amenicium metals and/or oxides and on-site transportation approved shipping containers
contaiming plutonium, uramum, and/or americtum contaminated wastes Also, various
non-radioactive matenal deliveries and shipments will occur as part of normal operations and
tenant activities The use of transportation vehicles during the conduct of these receipt and
shipment activities presents a potential flammable matenial hazard from the diesel or gasoline
fuels 1n the vehicles and an 1gmition source from the hot surfaces of the vehicles that can lead to
facility fires In comjunction with the radioactive matenal receipt and shipment, radioactive
material containers are located on or in proximuty to the transport vehicles The transport vehicle
hazard 1s further evaluated and the activity interactions and protective features are identified mn
later sections of this report

4.1.5 Pressure Sources (Hazard/Energy Source 6)
Compressed Air, Compressors (Sub-hazard 6A)

The Building 991 Complex 1s supported by two operational and one out-of-service air
compressor and the corresponding pressurized air tank and piping Shutoff air pressure for the
air compressors 1s between 80 and 90 pounds per square inch This combined set of equipment
presents pressure hazards that can potentially result in the generation of mussiles (7 e, pieces of
equipment traveling at high velocity due to air system rupture) and personnel injury Pressunzed
piping goes throughout the facility, including through waste storage areas, however, the
compressors and the air tank are located 1n the utility rooms (1 ¢, Room 130 and Room 137) and
in Building 985, which are not used for waste contamner storage Due to the relatively low
pressures associated with the system, the pressure hazard associated with the air compressors and
auxihary equipment 1s considered a Standard Industrial Hazard and will not be further
evaluated Interactions of the hazard with activities are shown 1n Table 25

Table 25 Compressed Air, Compressors Hazard Activity Interaction

MY ACTIVITY | -

INTERACTION CHEM CON GEN MAINT SNM _ | WASTE ] RA SURV
Operates/Uses/Mamipulates/Moves may may yes
Maintains/Repairs yes
Inspects/Tests yes

Protective features credited in the determination that the compressed air system and
compressors are a Standard Industrnial Hazard are shown in Table 26
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Table 26 Compressed Air, Compressors Hazard Protective Features

ISSUE APPLICABLE | GENERAL FEATURE FUNCTION CREDITED GENERAL FEATURES
Mechanical Interaction yes Limatation on pressure Current configuration control {CONFIG]
Separation from hazardous materials Current configuration control [CONFIG, EPWM]
Chemucal Interaction no
Thermal Interaction no
Worker Safety yes Physical barriers Piping, components, relief valves [S&IH]

Protective equipment Eye shields [S&IH]

Admimstrative System inspection/monitoring, maimtenance work
evaluation, work control, labeling, tramning,
lockout/tagout (S&IH, ORG, MAINT, WORK,
TRAIN]

Drum Crusher (Sub-hazard 6B)

Part of the mission of the Building 991 Complex is to compact drums that are to be
shipped from the Site as waste A gasoline fuel powered, hydraulic drum crusher located 1n
Building 984 performs this function No TRU waste containers are stored in Building 984,
however, some LLW containers may be staged in the building following generation prior to
removal to an allowed storage location The drums that are treated as waste 1n this activity are
classified as LLW but generally have negligible contamination The relatively high pressures
associated with the drum crusher and the low levels of contamination present a pressure hazard
and a contamination hazard (see Section 4 1 3, Sub-hazard 4C) Due to the neglgible radioactive
material present 1n proximity to the drum crusher, the pressure hazard associated with the drum
crusher 1s considered a Standard Industrial Hazard and will not be further evaluated
Interactions of the hazard with activities are shown 1n Table 27

Table 27 Drum Crusher Hazard Activity Interaction

ACTIVITY
INTERACTION CHEM CON GEN MAINT SNM WASTE RA SURV
Operates/Uses/Manipulates/Moves yes yes
Maintains/Reparrs may
Inspects/Tests may

Protective features credited in the determination that the drum crusher 1s a Standard
Industrial Hazard are shown 1n Table 28
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Table 28 Drum Crusher Hazard Protective Features

ISSUE APPLICABLE | GENERAL FEATURE FUNCTION CREDITED GENERAL FEATURES

Mechanical Interaction yes Limitation on contamnation LLW restriction {EPWM]
Separation from hazardous matenals Current configuration control [CONFIG, EPWM]

Chemucal Interaction no
Thermal Interaction no
W orker Safety yes Physical bamners Component [S&IH]
Protective equipment Eye shiclds [S&IH])
Admmistrative Component inspection, maintenance work
cvaluation, work control, tramming [S&IH, MAINT,
WORK, TRAIN]

Pressunized Metal Waste Containers (Sub-hazard 6C)

Part of the mussion of the Building 991 Complex 1s to receive, store, and then ship on-site
transportation approved metal, sealed shipping containers containing plutonium, uranium, and/or
americium contaminated wastes The radioactive decay of the waste matenal has the potential to
interact with other waste materials and produce gases (e g, as a result of radiolysis) The
generation of hydrogen gas 1s one example of this gas generation and drum pressurization
process The potential effects of other gases that may be formed that could lead to pressurization
of the waste contamner are considered to be bounded by the hydrogen gas situation due to the
explosive nature of hydrogen (1 ¢, hydrogen gas pressure could be significantly lower than waste
contaner internal failure pressure and still lead to container failure as a result of the rapid
combustion of the hydrogen) The pressunzed metal waste containers hazard 1s further evaluated
under the “hydrogen generation in metal waste containers” hazard discussed in Section4 1 11

4.1.6 Kinetic Energy (Hazard/Energy Source 7)
Vehicles, Material Handling Equipment (Sub-hazard 7A)

Part of the mission of the Building 991 Complex 1s to receive and ship DOT approved,
Type B shipping containers containing Categoryl and II quantities of plutonium, uranium,
and/or americium metals and/or oxides and to receive, transfer, and ship on-site transportation
approved shipping contaners contamning plutomum, uranium, and/or americium contaminated
wastes Also, various non-radioactive matenal receipts, transfers, and shipments will occur as
part of normal operations and tenant activities The use of matenal handling equipment or
vehicles during the conduct of these receipt, transfer, and shipment activities presents a potential
kinetic energy hazard from the movement and mass of the equpment The equipment can
impact staged Type B shipping containers, staged waste contamners, or stored waste containers
that could result in (1) exposure of pyrophoric waste metal to atmosphere with subsequent fires
due to contamner breach, (2) spill of container contents following impact-induced drop events,
(3) spull of contaner contents following puncture of the container, and (4) rearrangement of
container inventories with subsequent criticality events due to breach of contamers The
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vehicles, matenal handling equipment hazard 1s further evaluated and the activity interactions
and protective features are 1dentified 1n later sections of this report

Rotating Machinery & Tools (Sub-hazard 7B)

Rotating machinery 1s located 1n various areas of the Building 991 Complex including
Room 130 (utility room contaiming fans and a compressor) and Building 985 (plenum building
containing fans and a compressor) No significant quantities of radioactive matenal beyond
contamination levels are located close enough to rotating machinery to be impacted by the
kinetic energy hazards associated with the machinery Some rotating tools (e g, dnlls, saws)
may be used during the conduct of construction and maintenance tasks but contain insufficient
energy to cause failure of radioactive material containers except by direct application of the tool
to the contamner Thus latter hazard 1s considered sabotage and 1s not addressed in the Safety
Analysis Due to the location of high kinetic energy equipment away from radioactive maternals
and the low energy associated with rotating tools (1 e, missiles from tool failure do not have
much momentum) that may be used 1n close proximity to radioactive matenal containers, the
kinetic energy hazard associated with rotating machinery and tools 1s considered a Standard
Industnal Hazard and will not be further evaluated Interactions of the hazard with activities
are shown 1n Table 29

Table 29 Rotating Machinery & Tools Hazard Activity Interaction

*: R it N . ACTIVITY &R
INTERACTION CHEM -] CON GEN .j *MAINT SNM WASTE {° RA SURV
Operates/Uses/Manipulates/Moves may may yes
Maintains/Repairs yes
Inspects/Tests yes
Brings Near Radioactive Material may may may

Protective features credited 1n the determination that rotating machinery and tools are a
Standard Industnial Hazard are shown i Table 30
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Table 30 Rotating Machinery & Tools Hazard Protective Features

ISSUE APPLICABLE | GENERAL FEATURE FUNCTION CREDITED GENERAL FEATURES

Mechanical Interaction yes Separation from hazardous matenials Current configuration control {CONFIG, EPWM] for
fixed machines, maintenance work evaluation, work

control [MAINT, WORK] for tools

Chemical Interaction no

Thermal Interaction no

Worker Safety yes Physical barriers Component enclosures, speed govemors (S&IH]
Protective equipment Eye shields, non-loose clothing [S&IH]
Administrative System inspection/monttoring, tool inspection,

maintenance work evaluation, work control,
postings, training, lockout/tagout [S&IH, ORG,
MAINT, WORK, TRAIN]

4.1.7 Potential Energy (Hazard/Energy Source 8)

Overhead Cranes (Sub-hazard 8A)

Overhead cranes are located 1n various areas of the Bulding 991 Complex Specifically,
a 3 ton capacity crane 1s located ;n Room 134 (room 1s currently used for storage of waste
containers), a 1 ton capacity crane 1s located in Room 170 (dock area, room may be used for
storage of waste containers), a 750 pound capacity crane 1s located in each of Rooms 164 and
165 (rooms are not used for storage), a 500 pound capacity crane is located outside 1n the east
dock area (area 1s not used for storage), a crane 1s located in Room 147 (room is not used for
storage), and a crane 1s located in Building 996 (bwilding 1s currently used for waste container
storage) Only the crane in Room 164 1s currently being used mn the performance of
non-destructive testing (NDT) work All other cranes are not to be used and are locked out of
operation Drops of loads onto radioactive material containers 1s not considered in the Safety
Analysis due to the non-use of the cranes 1n areas where containers may be located The crane
equipment 1s indirectly considered 1n the analysis of seismic events as part of the debris that may
fall onto stored waste containers Due to the location of the single crane still 1n use away from
radioactive matenals and the non-use of cranes that may be located above radioactive material
containers, the potential energy hazard associated with cranes 1s considered a Standard
Industrial Hazard and will not be further evaluated However, the cranes will be considered
as part of the elevated debris that may impact waste contamers during seismic events
Interactions of the hazard with activities are shown 1n Table 31

Table 31 Overhead Cranes Hazard Activity Interaction

ACTIVITY
INTERACTION CHEM CON GEN MAINT SNM WASTE RA SURV
Operates/Uses/Manipulates/Moves yes
Maintains/Repairs may
Inspects/Tests yes
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Protective features credited 1n the determination that the overhead cranes are a Standard
Industrial Hazard are shown 1n Table 32

Table 32 Overhead Cranes Hazard Protective Features

ISSUE APPLICABLE | GENERAL FEATURE FUNCTION + CREDITED GENERAL FEATURES
Mechanical Interaction yes Separation from hazardous matenials Current configuration control [CONFIG, EPWM]
Chemucal Interaction no
Thermal Interaction no
Worker Safety yes Physical barmiers none

Protective equipment none

Admimistrative Component inspection/surveillance, mamtenance
work evalustion, work control, postings, training,
lockout/tagout [S&IH, MAINT, WORK, TRAIN]

Raised Loads on Forklifts (Sub-hazard 8B)

Part of the mission of the Building 991 Complex 1s to receive and ship DOT approved,
Type B shipping containers contaiming Category I and II quantities of plutonium, uranium,
and/or amenicium metals and/or oxides and to receive, transfer, and ship on-site transportation
approved shipping containers containing plutonium, uranium, and/or americium contaminated
wastes The use of forklifts during the conduct of these receipt, transfer, and shipment activities
presents a potential energy hazard (1 e, potential for dropping of containers) from the raising of
the forklift loads Type B shipping container loads on forklifts are generally not required to be
raised to any height above that necessary to clear floor obstructions but the potential exists for
stacking Type B shipping containers to a second tier in Room 170 during the actual transport
vehicle loading and unloading procedures This second tier stacking hazard 1s not a threat to
Type B shipping contamners Waste container loads on forklifts may be required to be raised to
heights sufficient to allow for stacking of the contaners (1 e, up to four hugh for drums and up to
two high for boxes) Also, the waste drum loads may be located on pallets contamning up to
4 contamners These raised loads on forklifts present a potential energy hazard that could result
mn (1) exposure of pyrophoric waste metal to atmosphere with subsequent fires due to container
drops and breach, (2) spill of contaner contents following drop events, and (3) rearrangement of
container mnventories with subsequent criticality events due to drops of contamners The waste
container raised loads on forklift hazard 1s further evaluated and the activity interactions and
protective features are 1dentified 1n later sections of this report

Stacked Waste Containers (Sub-hazard 8C)

Part of the mission of the Bulding 991 Complex is to store on-site transportation
approved shipping containers containing plutonium, uranium, and/or amerncium contaminated
wastes Waste contamner storage may require stacking of up to 4 drums or 2 boxes in some
Jocations The waste drums may be located on pallets contaiming up to 4 containers These
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stacked waste containers present a potential energy hazard that could result in (1) exposure of
pyrophoric waste metal to atmosphere with subsequent fires due to container falls and breach,
(2) spill of contamner contents following falling events, and (3) rearrangement of container
inventories with subsequent criticality events due to contamer falling The stacked waste
contamers hazard 1s further evaluated and the activity interactions and protective features are
identified 1n later sections of this report

4.1.8 Toxic, Hazardous, or Noxious Matenals (Hazard/Energy Source 9)

General Industrial Chemicals (Sub-hazard 9A)

The chemical and other non-radioactive matenal inventory of the Building 991 Complex
consists of a wide vanety of materials due to the numerous tenant activities that have been and/or
continue to be conducted 1n the facihties A total of 47 different hazardous matenals were
identified as being in the facility based on the ICMS and facility databases Many of the
matenals on the list are no longer needed by the facility and will be removed over time as excess
chemicals Some of the histed matenals are currently being used as part of facihity operation and
tenant activitties In addition to the listed chemucals, three new hazardous matenials and one
repeated hazardous matenal were 1dentified as part of the facility (1) asbestos 1n floor tiles,
celling panels, and walls, (2) beryllium 1n some waste contamners, (3) lead (repeat) in paints on
facility surfaces, and (4) polychlonnated biphenyls (PCBs) 1n transformer fluids and fluorescent
lighting Of these 50 hazardous matenals, 17 matenials exceed 1% of the lowest value of the
corresponding RQ, TQ, and TPQ quantities (7 ¢, 1f a matenal has TQ, TPQ, and/or RQ assigned
values, 1% of the lowest of the assigned value 1s compared to the estimated quantities of the
material 1n the facility) Whle the Safety Analysis would only be concerned with chemical
inventories exceeding the TQ or TPQ threshold quantities, those chemicals 1n excess of 1% of a
threshold are presented to indicate the types of chemicals that exist in the Building 991 Complex
in any notable quantities relative to their hazard potential These 17 hazardous matenals are
listed 1n Table 33 The hazardous matenals that exceed or have the potential to exceed a TQ,
TPQ, or RQ threshold quantity are shown 1n 1talics 1n the table
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Table 33 Chemicals / Hazardous Materials of Note in Building 991 Complex

Threshold

Threshold

Quantity

Possible Locations
Matenial Type Level (pounds) ssible !
(pounds)
Acetic Acid (1n fixer, developer, replenisher) RQ 5,000 220 to 225 | Rooms 109, 110, 160
Asbestos (worst case friable) RO 1 >1 Throughout
Beryllium RQ 10 > 10 Room 158
Cadmium (in mckel-cadmium batteries) RQ 10 > 10 Rooms 105, 106,
107, 108
Cumene Hyproperoxide (in adhesive) RQ 10 <1 Room 105
TQ 5,000
Cupric Chloride RO 10 25t030 | Rooms 109, 110
Dibutyl Phthalate (in resin) RQ 10 5t010 | Rooms 109,110
Hydrofluonc Acid RQ 100 1to5 Rooms 109, 110
TPQ 100
TQ 1,000
Hydroquinone (in developer, replenisher) RQ 100 10to 15 | Rooms 105, 160
TPQ 500
Lead RO 10 1to5 Room 130
> 10 Throughout
Methylene Chloride (in paint removers) RQ 1,000 451050 | Rooms 105, 155
Nitric Acid (worst case 94 5% by weight) TQ 500 5t010 Rooms 109, 110
Polychlorinated Biphenyls (PCBs) RO 1 >] Outside and
throughout
Potassium Ferricyamde (Potassium Cyanide) RQ 10 1to5 Rooms 109, 110
TPQ 100
Potassium Hydroxide (in developer, replenisher) RQ 1,000 10to 15 | Room 160
Sodium Nitrite (in corrosion hibitor) RQ 100 25t030 | Room 137
Sulfuric Acid (pure and 1n fixer, replenisher) RQ 1,000 25t030 | Rooms 109, 110, 160
TPQ 1,000
Xylene (1n caulk) RQ 100 1to5 Rooms 105, 109,

110, 165

Based on Table 33, no hazardous material exceeds a corresponding TQ or TPQ quantity
Five hazardous matenals are 1dentified that potentially exceed corresponding RQ values Only
one chemical (cupric chlonde) 1s actually known to exceed its assigned RQ value Each of these
hazardous matenals 1s discussed 1n later sub-sections

The Bulding 991 Complex 1s not permitted to store Resource Conservation and
Recovery Act (RCRA) wastes There 1s a RCRA Satellite Area for the accumulation of spent
nickel-cadmium batteries 1n support of a tenant activity, which 1s discussed in the Batteries
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sub-section The chemical hazard associated with the RCRA controlled waste 1n the facility 1s
very small and 1s not a concem The Bulding 991 Complex 1s currently not permutted to store or
stage TSCA wastes, which are discussed under the PCB sub-section

Due to the limited quantities of hazardous matenals (1 e, quantities 1n the Bulding 991
Complex do not exceed threshold values) general industnal chemicals, excluding those discussed
below, are considered a Standard Industrial Hazard and will not be further evaluated
Interactions of the hazard with activities are shown 1n Table 34

Table 34 General Industrial Chemicals Hazard Activity Interaction

INTERACTION CHEM | +GON}-| GEN BIGWAINTE| SNM | WASTE | RA SURV
Operates/Uses/Manipulates/Moves yes may may yes
Maintains/Repairs
Inspects/Tests may

Protective features credited in the determination that general industrial chemicals are a
Standard Industnial Hazard are shown in Table 35

Table 35 General Industrial Chemicals Hazard Protective Features

ISSUE APPLICABLE | GENERALFEATURE FUN(;}!QH q ©~ » CREDITED GENERAL FEATURES
Toxic yes Containment Chemucal package [S&IH]
Limited quantities Quantity control [ORG, S&IH])

Mechanical Interaction

no

Chemical Interaction

yes

Separation from radioactive matenals

Current configuration control [CONFIG, EPWM]

Thermal Interaction

no

Worker Safety

yes

Physical bamers

Protective equipment

Administrative

Chemical package [S&IH]

Protective clothing, eyewash & safety showers,
resprrators [S&IH]

Chemucal inventory, area restrictions, arca surveys,
maintenance work evaluation, work control,
postings, traiming [S&IH, ORG, MAINT, WORK,
TRAIN}

Cupric Chloride, Dihydrate (Sub-hazard 9B)

The total complex contents of cupric chlonde are between 25 and 30 pounds as compared
to a RQ value of 10 pounds The chemical 1s evenly distributed 1n 5 separate contaners, located
in Rooms 109 and 110 (part of the metallography laboratory), and each individual contatner 1s
below the RQ threshold Since cupric chloride has no defined TQ or TPQ value, 1t can be argued
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that the dominant nisk from this chemacal 1s to the IW and/or the environment and the chemical
does not pose a significant nisk to the CW or the public  Also, the chemical 1s not located near
any waste storage areas and poses no threat to waste container storage mventories Due to the
location of cupric chlonde away from radioactive materials and the low CW and public
consequences associated with a chemical release, the toxic, hazardous, or noxious chemicals
hazard associated with cupric chlonde is considered a Standard Industrial Hazard and will not
be further evaluated Interactions of the hazard with activities are shown in Table 36

Table 36 Cupric Chloride Hazard Activity Interaction

oY DACTIITY | P
INTERACTION .| cuEM | CoN GEN "{iMAINT.| SNM | WASTE | RA SURV
Operates/Uses/Manipulates/Moves may yes
Maintaimns/Repatrs
Inspects/Tests yes

Protective features credited in the determination that cupric chlornide 1s a Standard
Industnial Hazard are shown 1n Table 37

Table 37 Cupric Chloride Hazard Protective Features

" ASSUE APPLICABLE | GENERAL FEATURE FUNCTION CREDITED GENERAL FEATURES
Toxic yes Containment Chemucal package [S&IH]
Limited quantities Quantity control [ORG, S&IH]
Mechantcal Interaction no
Chemucal Interaction yes Separation from radioactive matenials | Current configuration control [CONFIG, EPWM]
Thermal Interaction no
Worker Safety yes Physical barriers Chemical package [S&IH]
Protective equipment Protective clothing, eyewash & safety showers
[S&IH)
Administrative Chemucal inventory, area surveys, work control,
postings, training [S&IH, WORK, TRAIN]

Beryllium (Sub-hazard 9C)

Beryllium metal parts are located in multiple 55-gallon drums in Room 158 (classified
vault) The amount of beryllium 1s greater than the RQ threshold of 10 pounds Beryllium has
no defined TQ or TPQ values The only possible type of CW or public exposure 1s through
mhalation According to data in the Risk Assessment Information System (RAIS), a database
maintained by the Oak Ridge National Laboratory, (Ref 22), acute toxicity effects occur at
concentrations above 100 grams of beryllium per cubic meter Carcinogenic effects of beryllium
inhalation are related to long-term (1 e, occupational) exposures It 1s not expected that any
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accident 1nvolving beryllium would result 1n concentrations at the CW and public exceeding
100 g/m* Also, any exposure would be short-term Therefore, the toxic, hazardous, or noxious
chemicals hazard associated with the beryllium inventory 1s considered a Standard Industral
Hazard and will not be further evaluated Interactions of the hazard with activities are shown in
Table 38

Table 38 Beryllium Hazard Activity Interaction

" - A ALY g%%% 13{!
o g P va
INTERACTION ) CHEM | . CON GEN | ‘MAINTZ] EaSNM.2 |- WASTE
Operates/Uses/Mampulates/Moves
Maintains/Repairs
Inspects/Tests yes

Protective features credited 1n the determination that beryllium is a Standard Industrial
Hazard are shown in Table 39

Table 39 Beryllium Hazard Protective Features

ISSUE APPLICABLE -{;GENERAL FEATURE FUNCTION ) <753 GREDITE] IRES
Toxic yes Containment Current matenal form control [EPWM, S&1H]
Mechanical Interaction no
Chemucal Interaction no
Thermal Interaction no
Worker Safety yes Physical barners none
Protective equipment none
Administrative Current material form control [EPWM, S&IH]
Asbestos (Sub-hazard 9D)

Containerized wastes with asbestos may be generated 1n the Building 991 Complex The
asbestos currently exists 1n some floor tiling (particularly 1n the south-west area of the basement),
potentially exists in some ceiling tiles, and potentially exists 1n some room partitions or walls
The exact amount of asbestos, particularly friable asbestos, 1s not known but the fnable asbestos
1s assumed to exceed the RQ threshold of 1 pound Asbestos has no defined TQ or TPQ value
The dispersibility of asbestos n the floor tiling and ceilling tiles and 1n waste containers is
currently himited, but the asbestos does pose a nsk to the IW if the matenal 1s disturbed
According to RAIS (Ref 23), the acute toxicity effects associated with inhalation of asbestos are
temporary breathing difficulties These breathing difficulties were due to “high concentration” in
an occupational setting According to RAIS, subchronic and chronic toxicity effects are due to
long-term exposure (at least 6 months) 1n an occupational setting Carcinogenic effects ar also
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related to long-term exposures Any CW or public exposure to asbestos would be short-term and
would only be expected, at worst, to cause the acute toxicity effects described above Therefore,
the chemical hazard associated with asbestos 1s considered a Standard Industrial Hazard and
will not be further evaluated. Interactions of the hazard with activities are shown 1n Table 40

Table 40 Asbestos Hazard Activity Interaction I

7

- ACTIVITY i
INTERACTION ___.7| "CHEM -] CON | GEN | MAINT | snM WA@:@Q w]_SURV
Operates/Uses/Mantpulates/Moves may yes may may
Maintains/Repairs yes
Inspects/Tests yes

Protective features credited 1n the determination that asbestos 15 a Standard Industnal
Hazard are shown 1n Table 41

Table 41 Asbestos Hazard Protective Features

Toxic yes Contasnment Current configuration control, waste contatners
[CONFIG, S&IH, EPWM])
Mechanical Interaction no
Chemical Interaction no
Thermal Interaction no
Worker Safety yes Physical bamers Current configuration control, waste containers
[CONFIG, S&IH, EPWM]
Protective cquipment Protective clothing, respirators [S&IH]
Admunistrative Area restrictions, area surveys, maintenance work
evaluation, work control, postings, training [S&IH,
ORG, MAINT, WORK, TRAIN]

Polychlonnated Biphenyls (PCBs) (Sub-hazard 9E)

Contamnenzed wastes with TSCA-regulated PCBs may be generated 1n the Building 991
Complex but a permit must be obtained for a staging area location prior to generating the waste
Controls mandated by TSCA regulations are credited as preventive and mitigative measures
before the PCBs are transferred to a permanent TSCA storage area outside of the Building 991
Complex The PCBs currently exist in the fluids of some transformers (one 1n Room 130 and
two outside) and potentially exists in some fluorescent highting fixtures The exact quantity of
PCBs 1n the Building 991 Complex 1s not known, but 1t 1s expected that the total quantity
exceeds the RQ of 1 pound PCBs have no defined TQ or TPQ values The PCBs that may exist
i the hghting fixtures are not readily dispersible but the transformer flud PCBs can be
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dispersed PCBs in waste contamers could be released during a fire or spill A fire involving
PCBs would volatilize some of the PCBs and allow them to be transported away from the
immediate area The volatilized PCBs could result in CW or public exposure through inhalation
According to RAIS (Ref 24), acute toxicity effects expected include anorexia, nausea, edema,
abdominal pain, ocular discharge, and burning sensations in the skin and eyes, although no
specific data exists Subchronic toxicity effects are documented as mild to moderate chloracne 1n
50% of workers exposed to 0 1 mg/m’ for an average of 14 3 months Suspected carcinogenic
effects of PCB 1nhalation are related to long-term (1 € , occupational) exposures Exposure of
both the CW and public would be short-term Due to the low CW and public consequences
associated with a chemical release of PCBs, the chemical hazard associated with PCBs 1s
considered a Standard Industrial Hazard and will not be further evaluated. Interactions of the
hazard with activities are shown 1n Table 42

Table 42 Polychlorinated Biphenyls Hazard Activity Interaction

T © R R SACTIVITY T
INTERACTION | cEM { “coN GEN -3 3—‘; NTZ1:-SNM | WASTE | RA | SURV
Operates/Uses/Manipulates/Moves may may yes may may
Maintains/Repairs may
Inspects/Tests yes

Protective features credited in the determination that polychlorinated biphenyls are a
Standard Industrial Hazard are shown 1n Table 43

Table 43 Polychlorinated Biphenyls Hazard Protective Features

ISSUE APPLICABLE | GENERAL FEATURE FUNCTION | -~ CREDITED GENERAL FEATURES
Toxic yes Containment Current configuration control, waste containers
[CONFIG, S&IH, EPWM]
Mechanical Interaction no
Chemical Interaction no
Thermal Interaction no
Worker Safety yes Physical barriers Current configuration control, waste containers
[CONFIG, S&IH, EPWM]
Protective equipment Protective clothing [S&IH]
Administrative Maintenance work evaluation, work control,
postings traming [S&IH, MAINT, WORK, TRAIN]
Lead (Sub-hazard 9F)

Containerized wastes with lead may be generated 1n the Building 991 Complex but will
require a RCRA satellite storage area for temporary staging Controls mandated by RCRA
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regulations are credited as preventive and mitigative measures before the waste lead 1s
transferred to a permanent RCRA storage area outside of the Building 991 Complex In addition,
non-waste lead exists as a constituent 1n a sealant found 1n two containers The lead potentially
exists 1n some painted surfaces (1 e, lead based paints) and potentially exists in some batteries
(see Batteries (Sub-hazard 9G) sub-section) used in the complex The lead 1n battenies and the
paint 1s relatively difficult to disperse, but the potential exists that lead in panted surfaces could
become dispersible as the paint peels from the surface as 1t 1s disturbed The exact amount of
lead, particularly dispersible lead, 1s not known but the lead 1s assumed to exceed the RQ
threshold of 1 pound Since lead has no defined TQ or TPQ value, 1t can be argued that the
dominant nsk from this hazardous matenal 1s to the IW and/or the environment and the matenal
does not pose a significant risk to the CW or the public The dispersibility of the lead 1s
currently limited, but the lead may pose a risk to the IW, 1f the matenal 1s disturbed Due to the
lack of dispersibility of the matenal, the toxic, hazardous, or noxious chemicals hazard
associated with lead 1s considered a Standard Industrial Hazard and will not be further
evaluated Interactions of the hazard with activities are shown 1n Table 44

Table 44 Lead Hazard Activity Interaction

INTERACTION - 7| CHEM,{| CON | 'GEN | MAINLI] SNM /| WASTE | RA | SURV
Operates/Uses/Manipulates/Moves yes may yes may yes
Maintains/Repairs may
Inspects/Tests may

Protective features credited 1in the determunation that lead 1s a Standard Industnial Hazard
are shown 1in Table 45

Table 45 Lead Hazard Protective Features

ISSUE APPLICABLE | GENERAL FEATURE FUNCTION 'CREDITED GENERAL FEATURES
Toxic yes Containment Current configuration control, waste containers
[CONFIG, S&IH, EPWM]
Mechanical Interaction no
Chemical Interaction no
Thermal Interaction no
Worker Safety yes Physical barriers Current configuration control, waste contaners
[CONFIG, S&IH, EPWM]
Protective equipment Protective clothing [S&IH]
Administrative Area restrictions, area surveys, maintenance work
cvaluation, work control, postings, training [S&IH,
ORG, MAINT, WORK, TRAIN]
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Batteries (Sub-hazard 9G)

Batteries containing lead exist in the facihty In addition, a RCRA satellite storage area
in Room 106 1s used to accumulate spent nickel-cadmium batteries Controls mandated by
RCRA regulations are credited as preventive and mtigative measures before the nickel-cadmium
battenies are transferred to a permanent RCRA storage area outside of the Building 991 Complex
The dispersibility of the hazardous constituents of the battenies 1s relatively low and these
hazardous matenals do not pose a significant nisk to the CW and the public Due to the lack of
dispersibility of the hazardous matenals found in batteries, the toxic, hazardous, or noxious
chemicals hazard associated with batteries are considered a Standard Industrial Hazard and
will not be further evaluated Interactions of the hazard with activities are shown in Table 46

Table 46 Batteries Hazard Activity Interaction

- - B2k gy T o, S% : ;
~INTERACTION -85 .38 1 -coN GEN NTE [ SSNM 1] WASTE |."sRA’ ¢ | SURY
Operates/Uses/Manipulates/Moves may may may may yes yes
Maintains/Repairs may
Inspects/Tests may

Protective features credited 1n the determination that batteries are a Standard Industnal
Hazard are shown 1n Table 47

Table 47 Batteries Hazard Protective Features

ISSUE APPLICABLE. | GENERAL FEATURE Mgﬂbﬁﬂj o “CREDITED GENERALZFEATURES
Toxic yes Containment Component package, waste contamner [S&IH,
EPWM]
Mechanical Interaction no
Chemical Interaction no
Thermal Interaction no
Worker Safety yes Physical bammiers Component package, waste container [S&IH,
EPWM]
Protective equipment Protective clothing, cyewash & safety showers
[S&IH]
Admimstrative Component inspections, work control, tramming
[S&IH, WORK, TRAIN]

Diesel Fuel (Gasoline) (Sub-hazard 9H)

Daesel fuel or gasoline currently exists in a Building 989 180-gallon diesel generator day
tank, 1n a 1,000-gallon diesel generator fuel tank located above ground and east of Building 989,
and 1n the gasoline tank of the drum crusher in Building 984 Since diesel fuel and gasoline have
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no defined RQ, TQ, or TPQ values, 1t can be argued that the dominant nisk, if any, from these
chemucals 1s to the IW and/or the environment and the chemicals do not pose a significant risk to
the CW or the public The nisks associated with the use of diesel fuel or gasoline 1s a commonly
accepted nisk by the public Due to the low CW and public consequences associated with a
chemical release, the toxic, hazardous, or noxious chemicals hazard associated with diesel fuel
and gasoline 1s considered a Standard Industrial Hazard and will not be further evaluated
Interactions of the hazard with activities are shown 1n Table 48

Table 48 Diesel Fuel (Gasohne) Hazard Activity Interaction

- ACTIVITY, '

INTERACTION + «CHEM { CoN GEN | MAINT | SNM | WASTE | RA SURV
Operates/Uses/Manipulates/Moves may yes
Mantains/Reparirs
Inspects/Tests may

Protective features credited in the determination that diesel fuel 1s a Standard Industrial
Hazard are shown 1n Table 49

Table 49 Diesel Fuel (Gasoline) Hazard Protective Features

ISSUE APPLICABLE | GENERAL FEATURE FUNCTION CREDITED GENERALFEATURES
Mechamical Interaction no
Chemucal Interaction no
Thermal Interaction no
Worker Safety yes Physical barniers Storage tanks [S&IH]
Protective equipment none
Administrative Chemical inventory, work control, tramning [S&IH,
WORK, TRAIN}

419 Inadequate Ventilation (Hazard/Energy Source 10)

Unventilated Tunnels and Areas (Sub-hazard 10A)

Building 991 has several areas with limited air interfaces to the outside (1) Corndor B,
Corndor C, and Buldings 996, 997, 999, (2) Corndor A and Building 998 (Room 300), and
(3) the basement of the faciity The Corridor B set of areas 1s currently ventilated by the
Building 985 exhaust fans and plenum The area can communicate with Building 991 (into north
hallway) and with the outside (to the west dock area) A vault door separates the north part of
Cormidor B from the upper (“V”) portion of the inverted “Y” tunnel arrangement and potentially
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restricts air flow A loss of Building 985 ventilation could lead to stagnation of the air behind the
vault door

The Cormndor A set of areas 1s currently ventilated by a small exhaust system 1n
Room 300 and the Building 991 exhaust fan and plenum The area can only communicate with
Building 991 (into north hallway) A vault door separates the area from Building 991 A loss of
Building 991 ventilation, including the small exhaust system, could lead to stagnation of the air
behind the vault door

The basement 1s not ventilated It would appear that the doors into the basement serve to
ventilate the basement 1n a lmited fashion The area can communicate with Room 130 (utilities
room on ground floor) and with the outside (to east dock area) Regular metal doors separate the
basement from the two interfaces Stagnation of the air in the basement 1s expected but no
mechamsms exist for air displacement, oxygen depletion, or noxious gas entry The major
concerns would deal with the buildup of radon gas and/or asbestos fibers

The stagnation of air 1n confined areas can lead to IW injuries due to asphyxiation or
noxious gas inhalation, 1n some cases The stagnant air has no impact on waste storage
containers and poses no nisk to the CW and the public Therefore, the inadequate ventilation
hazard associated with unventilated tunnels and areas 1s considered a Standard Industrial
Hazard and will not be further evaluated Interactions of the hazard with activities are shown 1n

Table 50

Table 50 Unventilated Tunnels and Areas Hazard Activity Interaction

R . « % L - ~ACTIVITY I T e
INTERACTION - .| CHEM | CON GEN © |"MAINT::| SNM | WASTE | "RX 3| sSURV=%
Operates/Uses/Manipulates/Moves yes may yes yes -
Maintains/Repairs
Inspects/Tests may
Indirectly Approaches/Nears may may may

Protective features credited in the determination that unventilated tunnels and areas are a
Standard Industrial Hazard are shown 1n Table 51
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Table 51 Unventilated Tunnels and Areas Hazard Protective Features

ISSUE APPLICABLE | GENERAL FEATURE FUNCTION CREDITED GENERAL FEATURES
Asphyxiant/Toxic yes Monitor Area surveys/momitoring [ORG, S&IH, EPWM])
Ventilate Current configuration control [ORG, CONFIG]
Mechanical Interaction no
Chemical Interaction no
Thermal Interaction no
Worker Safety yes Physical barriers Locked doors [ORG, S&IH])
Protective equipment Breathing air [S&IH])
Administrative Area restrictions, area surveys, work control,
postings, traming [S&IH, ORG, EPWM, WORK,
TRAIN]

4.1.10 Material Handling (Hazard/Energy Source 11)

Receipt and Shipment of Waste Containers at the Dock (Sub-hazard 11A)

Part of the mission of the Bulding 991 Complex 1s to recerve and ship on-site
transportation approved shipping containers contaimng plutonium, uramum, and/or americium
contamnated wastes The conduct of these receipt and shipment activities presents a potential
matenial handling hazard The handling of waste containers could result in (1) exposure of
pyrophoric waste metal to atmosphere with subsequent fires due to container breach, (2) spill of
container contents following puncture events, and (3)rearrangement of contamners with
subsequent criticality events due to container movements The receipt and shipment of waste
containers at the dock hazard 1s further evaluated and the activity interactions and protective
features are 1dentified 1n later sections of this report

Receipt and Shipment of SNM Containers at the Dock (Sub-hazard 11B)

Part of the mission of the Building 991 Complex 1s to recerve and ship DOT approved,
Type B shipping contamners containing Category I and II quantiies of plutomium, uranium,
and/or amencium metals and/or oxides The conduct of these receipt and shipment activities
presents a potential matenal handling hazard The handling of SNM containers could result 1n
(1) exposure of pyrophoric metal to atmosphere with subsequent fires due to container breach,
(2) spill of container contents following puncture events, and (3) rearrangement of containers
with subsequent cniticality events due to container movements The receipt and shipment of
SNM contamners at the dock hazard 1s further evaluated and the activity interactions and
protective features are 1dentified 1n later sections of this report

Movement of Waste Containers in the Facihity (Sub-hazard 11C)

Part of the mussion of the Building 991 Complex 1s to store on-site transportation
approved shipping containers containing plutonium, uranium, and/or americium contaminated
wastes that may require waste container movements for inspections, as a result of interactions
with other activities, during LLW container generation, or in order to remove specific waste
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containers The conduct of these waste container movements presents a potential matenal
handling hazard The handling of waste containers could result in (1) exposure of pyrophonc
waste metal to atmosphere with subsequent fires due to container breach, (2) spill of container
contents following puncture events, and (3) rearrangement of containers with subsequent
criticality events due to container movements The movement of waste containers 1n the facility
hazard 1s further evaluated and the activity interactions and protective features are identified 1n
later sections of this report

4.1.11 Other Hazards (Hazard/Energy Source 13)

Hydrogen Generation 1n Metal Waste Containers (Sub-hazard 13A)

Part of the mission of the Building 991 Complex 1s to recerve, store, and then ship on-site
transportation approved metal, sealed shipping containers contamning plutonium, uranium, and/or
amencium contaminated wastes The radioactive decay of the radiological waste matenal has
the potential to interact with hydrogenous waste matenals and produce hydrogen and oxygen
gases Hydrogen and oxygen generation in drums has led to a concern about potential for
hydrogen explosion accidents (1 e, contawner explosions)

The Los Alamos Technology Office report, Plutomum and Uramum Solutions Safety
Study (Ref 25), documents some early effort to understand the radiolytic hydrogen hazard 1n
drums and tanks USQDs that have evaluated the hydrogen explosion risk associated with the
handling and the storage of drums include Movement of Drums Containing Unvented Hydrogen
Gas Within Building 371, USQD-371-95 0170-MDT (Ref. 26), and Movement and Storage of
55 Gallon Drums in Unfiltered Areas Suspected of Having Hydrogen Accumulated in Drum
Space, USQD-RFP-95 0180-DSR (Ref 27) Radiolytic hydrogen generation has been evaluated
i several technmical reports including  Evaluation of Residue Drum Storage Safety Risks
(Ref 28), and Safety Analysis of Hydrogen Generation in Drums Contaiming Plutornium
Contaminated Materials (Ref 29) Calculations to predict pressure nise in unvented drums due
to radiolytic gas generation 1 drums are contained in Nuclear Safety Calculation, Building
371/374 BIO Support Calculation - Explosions, 96-SAE-025 (Ref 30) Hydrogen explosions in
metal waste containers generate sufficient pressure to result in the loss of the contamner hd A
concurrent fire involving the waste container contents 1s judged not to occur following the
overpressurization and lid loss due to the rapidity and low energy of the excursion (Ref 31) The
hydrogen generation 1n metal waste containers hazard is further evaluated and the activity
interactions and protective features are 1dentified in later sections of this report

Battery Charging Station (Sub-hazard 13B)

Two battery charging stations exist in the Building 991 Complex (1) 1n Room 136 and
(2) in Corndor B near the intersection of the three cormdors forming an inverted “Y” (1 e, stem
of “Y” faces north) The battery charging stations support the re-charging of electric forklift
batteries The battery charging stations present thermal and explosion hazards that can
potentially result in the mmtiation of a fire, burn personnel, and injure personnel from
explosion-generated missiles No radioactive matenals are located in Room 136 or in the portion
of Corndor B near the charging station
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Room 136 hes between Room 134 (waste storage area) and Room 170 (potential waste
storage area, waste receipt and shipment area) and has line of sight to some stored waste
containers 1n Room 134 Fires imtiated by the battery charging are expected to be confined to
Room 136 due to the separation between the station and probable combustible loads in the
facility Explosion generated missiles with sufficient energy to impact waste containers are also
expected to be confined to the battery charging station due to the separation distance The
Corridor B battery charging station 1s not located near any waste storage areas and fires or
explosions at that station would be confined to the corridor

Due to the location of the battery charging stations relative to any sources of radioactive
matenal, the thermal and explosion hazards associated with the battery chargers are considered a
Standard Industrial Hazard and will not be further evaluated Interactions of the hazard with
activities are shown 1n Table 52

Table 52 Battery Charging Station Hazard Activity Interaction

S g ACTIVITY - .
INTERACTION -7, ©5)~%CHEM -{<* CON GEN | MAINT | SNM | WASTE ] RA | SURV
Operates/Uses/Mampulates/Moves may yes yes yes yes
Maintams/Repairs yes
Inspects/Tests yes

Protective features credited in the determination that battery charging stations are a
Standard Industrial Hazard are shown in Table 53

Table 53 Battery Charging Station Hazard Protective Features

ISSUE APPLICABLE | GENERAL FEATURE FUNCTION CREDITED GENERAL FEATURES
Mechanical Interaction yes Separation from hazardous materials Current configuration control [CONFIG, EPWM]
Chemucal Interaction no
Thermal Interaction yes Separation from hazardous materials Current configuration control {CONFIG, EPWM]

Separation from combustibles Combustible control [FIRE]
Worker Safety yes Physical bammers Component enclosures [S&IH]
Protective equipment Protective clothing, cye shields [S&IH]
Administrative Component inspection, work control, postings,
training, lockout/tagout [S&IH, WORK, TRAIN]

Tunnel Degradation and Leakage (Sub-hazard 13C)

The Building 991 Complex has three sets of tunnels connecting Building 991 to
Buildings 996, 997, 998, and 999 Corridor A connects to Building 998 (Room 300) Corridor B
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connects directly to Building 996 and Corndor B  Corndor B connects to Cormdor C and
Buildings 997 and 999 Buldings 996 and 998 (Room 300) are areas that are currently
designated for waste container storage

The degradation of the tunnels could lead to failure of the tunnel roof with subsequent
influx of soil from above The collapse of a tunnel could result in (1) exposure of pyrophoric
waste metal to atmosphere with subsequent fires due to container breach from structure impacts,
(2) spill of contaner contents following container breach from structure impacts, (3) spill of
container contents following puncture events as a result of structure impacts, and
(4) rearrangement of container inventories with subsequent criticality events due to container
breach from structure impacts The leakage of tunnels, other than acting as a precursor to tunnel
collapse, should pose no nisk to the IW (other than presenting shippery surfaces), the CW, or the
public due to the limited amount of water involved 1n the leakage (the tunnels are above the
aquifer and leakage 1s a result of rain or snow melt percolating through the soil) The tunnel
degradation and leakage hazard 1s further evaluated and the activity interactions and protective
features are 1dentified 1n later sections of this report

Diesel Fuel (Gasoline) Storage Tank Combustibles (Sub-hazard 13D)

The Building 991 Complex 1s supported by a backup power diesel generator that utilizes
a 180-gallon day tank and a 1,000-gallon fuel supply tank Building 989 contains the day tank
The fuel supply tank 1s located above ground and just east of Building 989 Also, the
Building 991 Complex 1s supported by a drum crusher that utilizes a small gasoline fuel tank to
run the drum crusher motor The drum crusher 1s located 1n Building 984 Additional diesel fuel
quantities are associated with transport vehicles, which are discussed in Section 4 1 4, Thermal
Energy, Sub-hazard SH No radioactive matenals are located in or near Building 989, and no
radioactive matenals, other than neghigible amounts of contamination, are located 1n or near
Building 984 Fires associated with the diesel fuel supplies for the diesel generator could impact
the complex electric power supply, but the loss of electric power to the complex 1s dominated by
other electrical system faillure modes Fires impacting backup power supplies would have little
contribution to the overall frequency associated with complex loss of power Fires associated
with the gasoline fuel supply for the drum crusher would be minor, due to the quantity of fuel
associated with the drum crusher motor, and would only impact equpment in Bulding 984 Due
to the location of the fuel supplies relative to any sources of radioactive material and the
frequency dominance of other initiators dealing with loss of electric power over fires in the diesel
generator building, the combustible matenal hazard associated with the diesel fuel (gasoline)
storage tank combustibles 1s considered a Standard Industrial Hazard and will not be further
evaluated Interactions of the hazard with activities are shown 1n Table 54
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Table 54 Diesel Fuel (Gasoline) Storage Tank Combustibles Hazard Activity Interaction

ACTIVITY
INTERACTION CHEM CON GEN MAINT SNM WASTE RA SURV
Operates/Uses/Manipulates/Moves yes may yes
Maintains/Reparrs yes
Inspects/Tests yes

Protective features credited in the determination that diesel fuel storage tank combustibles
are a Standard Industnial Hazard are shown in Table 55

Table 55 Diesel Fuel (Gasoline) Storage Tank Combustibles Hazard Protective Features

- ISSUE ~APPLICABLE ] GENERAL FEATURE FUNCTION CREDITED GENERAL FEATURES
Mechantcal Interaction no
Chemuical Interaction no
Thermal Interaction yes Maintenance of tank barners System maintenance [MAINT)
Separation from hazardous materials Current configuration control [CONFIG, EPWM])
Separation from ignition sources Hot work contro! {(FIRE]
Worker Safety yes Physical bamers Separate facility, locked facihity [CONFIG ORG]
Protective equipment none
Administrative System inspection/monitoring, mamntenance work
evaluation, work control, postings, training [S&IH,
ORG, MAINT, WORK, TRAIN]

Floor Loading (Sub-hazard 13E)

The mussion for Building 991 1n the Building 991 Complex has changed significantly
from 1ts onginal design purpose The potential exists that the storage of waste containers up to a
fourth tier could exceed the design loading of the floor if the onginal design was developed for
floor loads that are significantly lower than current, drum storage loads The failure of the floor
due to waste container loads could result in (1) exposure of pyrophoric waste metal to
atmosphere with subsequent fires due to contaner breach, (2) spill of container contents
following container falls, and (3) rearrangement of containers with subsequent criticality events
due to container displacement and collection 1n floor collapse region

Waste contamner storage has already occurred 1n the facility with no evidence that the
floor load capacity 1s being exceeded (1 e, no cracking of the floor) However, the full capacity
and subsequent floor loading of the facility has not been realized up to this point Also, the
existing basement open areas are located under hallways rather than under waste storage
locations There has been speculation that the original design of the facility included basement
rooms that could be located under the waste storage areas Due to the uncertainty associated with
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the load capacity of the floor in Building 991, the floor loading hazard 1s further evaluated and
the activity interactions and protective features are 1dentified in later sections of this report

Combustibles (Sub-hazard 13F)

Part of the operation of the Building 991 Complex will include the introduction, staging,
use, and storage of various combustible matenials Examples of combustibles that may be
located 1n the facilities at varnous times include (1) wooden pallets from the receipt of empty
waste drums for the drum crusher activity, (2) wooden waste crates (flame retardant wood) to be
staged as empties or stored containing LLW, (3) combustible/flammable hquids stored 1n fire
rated cabmets or in other containers for use by tenant activities (e g, developer and fixer
solutions to be used by NDT activities), (4) construction maternials (e g, scaffolding), and
(5) general Office Area combustibles (e g, furniture, paper, plasticsy The presence of
combustibles does not necessanly present an immediate hazard but combustible loading n a
facility can increase the consequences associated with fires and potentially can lead to facility
fire imtiation 1f placed near 1ignition sources Waste container storage areas are not generally
used for the accumulation or storage of combustible matenials but transient combustibles may be
temporanly located in these areas, and non-waste storage areca combustible loading and
subsequent fires may 1mpact contiguous waste storage areas The combustibles hazard 1s further
evaluated and the activity interactions and protective features are i1dentified 1n later sections of

this report

Natural Phenomena or External Event Induced Fires (Sub-hazard 13G)

The Building 991 Complex will contain various combustible materials and 1gmition
sources during operation of the facility It 1s possible that natural phenomena or external events
can result in facility fires by impacting the combustibles and 1gmition sources Seismic events
may result 1n natural gas line failure (mobile flammable matenal travels to an 1gmition source),
electric power system short circuits (1gnition source that can act on nearby combustibles), or
breach of flammable liquid containers (mobile flammable matenal travels to an ignition seurce)
that subsequently leads to a fire Lightming (a natural phenomena 1gnition source) may result in
electric power system short circwuts (1gnition source that can act on nearby combustibles) or may
act directly on combustibles that can lead to a fire Aurcraft crash external events can directly
lead to a fire as a result of the aircraft fuel and heated matenals involved 1n the crash Range
fires impacting vegetation near the facility can directly lead to fire impacting external
combustibles near the faciliies The natural phenomena or external event induced fires hazard 1s
further evaluated and the activity interactions and protective features are identified in later
sections of this report

Natural Phenomena or External Event Induced Spills (Sub-hazard 13H)

The Building 991 Complex will contain radioactive matenals during operation of the
facility It 1s possible that natural phenomena or external events can result in spills and punctures
of the radioactive material containers (with subsequent matenal fires or criticalities) by directly
or indirectly impacting the containers Seismic events may result in topphng stacked waste
containers, debris impacts on containers from ceiling component failures (e g, hghting, ducting,
cranes) during the seismic event, or structure impacts on containers from seismic-induced facility
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collapse that subsequently leads to a spill or puncture High winds, tornadoes, and heavy snow
may result in structure impacts on containers from partial facility collapse due to the loss of a
load bearing wall (1 e, static load from wind exceeds design capacity of a wall) or due to the
faillure of the roof (1 e, static load of the snow exceeds design capacity of the roof) that
subsequently leads to a spill or puncture In addition, tornadoes may result 1n debrnis impacts on
containers by tornado-driven mussiles that subsequently leads to a spill or puncture Heavy rains,
flooding (1nternal or external), and freezing induced internal flooding may result in topphng
stacked waste containers (1 e, flowing water during flood carries debnis that impacts stacked
containers) or structure impacts on containers from partial facility collapse due to the loss of a
load bearing wall (i e, waters erode soils near wall footings) that subsequently leads to a spill or
puncture Aurcraft crash external events may result in toppling stacked waste containers, debns
impacts on containers from awrcraft parts, or structure impacts on containers from partial facihity
collapse due to the aircraft penetration of a load bearing wall that subsequently leads to a spill or
puncture The natural phenomena or external event induced spills hazard 1s further evaluated and
the activity interactions and protective features are 1dentified 1n later sections of this report

Natural Phenomena or External Event Induced Explosions (Sub-hazard 131)

The Building 991 Complex will contain potentially explosive matenials and potentially
explosive waste containers during operation of the facility It 1s possible that natural phenomena
or external events can result 1n facility explosions (with subsequent matenal fires or criticalities)
by releasing potentially explosive materials Seismic events and aircraft crash external events
may result 1n natural gas line failure (release of potentially explosive material) due to failure of
line or boiler supports or failure of any flammable gas containers used by the facility
(1 e, propane gas cylinders used during construction or maintenance activities) due to structural
mmpacts from facility failure or from aircraft debns High winds, tornadoes, and heavy snows
may result in structure impacts on flammable gas containers used by the facility (1 e, propane gas
cylinders used during construction or maintenance activities) from partial facility collapse due to
the loss of a load bearing wall (1 e, static load from wind exceeds design capacity of a wall) or
due to the failure of the roof (1 e, dynamic load from wind/tornado or static load of the snow
exceeds design capacity of the roof) that subsequently leads to an explosion In addition, high
winds or tornadoes may result in debris impacts on natural gas lines or boilers by
wind/tornado-drniven missiles that subsequently leads to a release of the gas Lightning (a natural
phenomena 1gmtion source) may act directly on potentially explosive matenials (1 e, striking
natural gas lines or propane cylinders) that can lead to an explosion The natural phenomena or
external event induced explosions hazard is further evaluated and the activity interactions and
protective features are 1dentified in later sections of this report

Natural Phenomena or External Event Induced Criticahities (Sub-hazard 13J)

The Building 991 Complex will contain radioactive materials during operation of the
facility It 1s possible that natural phenomena or external events can result in cniticalities (with
subsequent spills or material fires) by rearranging radioactive matenal containers Seismic
events and aircraft crash external events may result in toppling stacked waste containers,
rearranging the container configurations, that subsequently leads to a criicality Heavy snows
may result in structural failures leading to toppling stacked waste containers, rearranging the
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container configurations, that subsequently leads to a cniticality Heavy rains, flooding (internal
or external), and freezing induced internal flooding may result in toppling stacked waste
contamners (2 e, flowing water dunng flood carnes debns that impacts stacked containers),
rearranging the container configurations and adding moderation (z e, water acts as a moderator)
that subsequently leads to a criticality The natural phenomena or external event induced
cnticaliies hazard 1s further evaluated and the activity interactions and protective features are
identified 1n later sections of thus report

4.1.12 Summary of Credited Protective Features For Standard Industrial Hazards

The hazard identification process identified 44 hazards or energy sources for the
Building 991 Complex Of the 44 hazards, 22 hazards or energy sources were characterized as
Standard Industrial Hazards that do not need to be carried forward for further hazard evaluation
or analysis Protective features for these 22 hazards were 1dentified and fall into two general
classes (1) protective features to ensure that the hazard remains a Standard Industrial Hazard,
termed Hazard Controls, and (2) protective features associated with worker protection aganst the
Standard Industrial Hazard, termed Worker Controls Protective features placed in the Hazard
Control class of protective features must be carmed forward into the final control set specified in
the Building 991 Complex Techmical Safety Requirements (TSRs)

The 1dentified protective features associated with each Standard Industrial Hazard were
related to SMPs defined in Chapter 3, Safety Management Programs, of the FSAR Table 56
summarizes the protective features for each SMP and classifies the protective features as a
Hazard Control or a Worker Control The hazards/energy sources crediting the protective feature
are listed following each protective feature The Hazard Controls 1dentified for a SMP precede
the Worker Controls for the SMP 1n the table to allow for quick identification of protective
features that need to be carried forward into the TSR control set For protective features that are
classified as a Hazard Control, the table provides discussion about what Safety Analysis
assumption 1s maintained by the credited protective feature
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Table 56 Credited Protective Features for Standard Industrial Hazards

SMP

PROTECTIVE FEATURE

CLASSIFICATION

REMARKS FOR HAZARD CONTROLS

ORG
L]
L]

Quantity control

General Industnial Chemucals,
Cupnic Chlonde

Hazard Control

Marntains assumptions of the Safety Analysis
that the chemical hazards pose no nisk to CW
or public

I Source control

Sealed Sources

Worker Controt

Device control

X-ray Device

Worker Control

System monitoring

Heated Water;

Electric Heaters,

Diesel Generator, Day Tank, Batteries,
Compressed Air, Compressors,
Rotating Machinery,

Diesel Fuel (Gasoline) Storage Tank
Combustibles

Worker Control

Locked facility/doors

Duesel Generator, Day Tank, Battenes,
Unventilated Tunnels and Areas,
Diescl Fuel (Gasoline) Storage Tank
Combustibles

Worker Control

Area restrictions

General Industnial Chemicals,
Asbestos,

Lead,

Unventilated Tunnels and Areas

Worker Control

Quantity control

Cupnic Chlonde

Worker Control

Area monitoning

Unventilated Tunnels and Areas

~ Worker Control

Current configuration control

Unventilated Tunnels and Areas

Worker Contro!

CONFIG
a

Current configuration control

13 8 kV Transformers,
Heated Water,
Electric Heaters,
Diesel Generator, Day Tank, Battenies,
Compressed Air, Compressors,
Drum Crusher,
Rotating Machinery,
Overhead Cranes,
Battery Charging Station,
Dtesel Fuel (Gasoline) Storage Tank
Combustibles,
X-ray Device,
Heated Water,
Compressed Air, Compressors,

General Industrial Chemicals

Hazard Control

Maintains assumptions of the Safety Analysis
that the hazard

a.  remains separate from hazardous
matenal,

remains remote from CW and public,
remains relatively low temperature,
remains relatively low pressure,
remains scparate from radioactive
materials

o a0 o

e 0o 0 0 0 0 AO O

urrent configuration control
Diesel Generator, Day Tank, Batterics,
Cupric Chlonde,
Asbestos,
Polychlonnated Biphenyls,
Lead
Unventilated Tunnels and Areas

Worker Control

Separate facility

Diesel Fuel (Gasoline) Storage Tank
Combustibles

Worker Control
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Table 56 Credited Protective Features for Standard Industrial Hazards

SMP PROTECTIVE FEATURE CLASSIFICATION REMARKS FOR HAZARD CONTROLS
EPWM No contatner opening Hazard Control Maintains assumptions of the Safety Analysis
e  Contamination that no significant contamination hazards are
expected
Current configuration control Hazard Control Maintains assumptions of the Safety Analysis
a  Heated Water; that the hazard
Electnc Heaters, a. remains separate from hazardous
Diesel Generator, Day Tank, Batteries, matenals
Compressed Arr, Compressors, b  remains exposed to hmited radioactive
Drum Crusher; matenal
Rotating Machmnery,
Overhead Cranes,
General Industnial Chemicals,
Battery Charging Station,
Duesel Fuel (Gasoline) Storage Tank
Combustibles,
b  Drum Crusher
No container opening Worker Contro!
e  Contamination
Current material form control Worker Control
o  Berylhum
Container or Waste Container Worker Control
e Asbestos,
e Polychlonnated Biphenyls,
e  Lead,
e  Battenies
Arca surveys Worker Control
| e  Unventilated Tunnels and Areas
! FIRE Combustible control Hazard Control Maintains assumptions of the Safety Analysis
o 13 8 kV Transformers, that the hazard remains separate from
o  Electric Heaters, combustibles
| ¢ Duesel Generator, Day Tank, Batteries,
! e  Battery Charging Station
Hot work control Hazard Control Maintains assumptions of the Safety Analysis
o Duesel Fuel (Gasoline) Storage Tank that the hazard remains separate from 1gnition
Combustibles sources
System mspection Worker Control
e  Electnc Heaters,
o Duesel Generator, Day Tank, Battenes
S&IH Source package Hazard Control Maintans assumptions of the Safety Analysis
e  Scaled Sources that the hazard s contained 1n non-dispersible
form
Chemical package Hazard Control Maintains assumptions of the Safety Analysis
. General Industnal Chemicals that the hazard is contained 1n a standard
package
; Quantity control Hazard Control Marntains assumptions of the Safety Analysis
¢ General Industnal Chemicals that the chemical hazards pose no risk to CW
or public
Fenced area Worker Control
. 13 8 kV Transformers
Insulated enclosure/insulation Worker Control
. 13 8 kV Transformers,
e  Heated water
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Table 56 Credited Protective Features for Standard Industrial Hazards

sMr

PROTECTIVE FEATURE

CLASSIFICATION

REMARKS FOR HAZARD CONTROLS

S&IH
(continued)

Protective equipment {job/hazard specific}
13 8 kV Transformers,

Heated Water,

Electnic Heaters,

Daesel Generator, Day Tank, Batteries
Compressed Air, Compressors,

Drum Crusher,.

Rotating Machinery & Tools,
General Industnial Chemucals,

Cupnic Chlonde,

Polychlorinated Biphenyls,

Lead,

Battenes,

Unventilated Tunnels and Areas,
Battery Charging Stations

Worker Control

Postings/labehing

13 8 kV Transformers,

Scaled Sources,

X-ray Device,

Heated Water;

Electric Heaters,

Diesel Generator, Day Tank, Batteries,
Compressed Air, Compressors,
Rotating Machinery,

Overhead Cranes,

General Industnial Chemucals,
Cupnic Chlonde,

Asbestos,

Polychlorinated Biphenyls,

Lead,

Unventilated Tunnels and Areas,
Battery Charging Stations,

Diesel Fuel (Gasoline) Storage Tank
Combustibles

Worker Control

Lockout/tagout

13 8 kV Transformers,
Compressed Air, Compressors,
Rotating Machinery,
Overhead Cranes,

Battery Charging Stations

Worker Control

Source/chemical/component package
e  Sealed Sources,

e  General Industrial Chemicals,
e  Cupnc Chlonde,

e  Battenies

‘Worker Control

Shielding
. Sealed Sources,
e X-ray Device

Worker Control

Source/device mspection
e Secaled Sources,
e X-ray Device

Worker Control

Device/component
s  X-ray Device
e Drum Crusher

Worker Control

Piping/components/relicf valves/storage tanks
e Heated Water

e  Compressed Air, Compressors,

. Diesel Fuel (Gasoline)

Worker Control
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Table 56 Credited Protective Features for Standard Industrial Hazards

SMP PROTECTIVE FEATURE CLASSIFICATION REMARKS FOR HAZARD CONTROLS
S&IH System/component/tool inspection/ Worker Control
(continued) | surveillance
o Heated Water;
e Electric Heaters,
o Duesel Generator, Day Tank, Batteries
o  Compressed Arr, Compressors,
e  Drum Crusher,
e  Rotating Machinery & Tools,
o  Overhead Cranes,
o  Battenes,
e  Battery Charging Stations,
o  Dicsel Fuel (Gasoline) Storage Tank
Combustibles _
Elevation Worker Control
o  Electric Heaters -
Heater/component enclosures Worker Control
o  Electnic Heaters,
e  Rotating Machmery & Tools,
o  Battery Charging Stations
Speed governors Worker Hazard
e  Rotating Machinery & Tools
Chemical inventory/quantity control Worker Control
o  General Industnal Chemicals,
o  Cupnc Chlonde,
o Diesel Fuel (Gasoline) B
Area surveys/restrictions/locked doors Worker Control
e  General Industnial Chemicals,
e  Cupngc Chlonde,
e Asbestos,
. Lead,
e  Unventilated Tunnels and Arcas
Current matenial form/configuration control Worker Control
e  Berylhum,
e Asbestos,
e Polychlorinated Biphenyls,
o Lead
MAINT System maintenance Hazard Control Maintains assumptions of the Safety Analysis
a.  Electric Heaters, that the hazard
b  Duesel Generator, Day Tank, Battenes, a. failure rate 1s low due to system
Diesel Fuel (Gasoline) Storage Tank nsulation remaining tn place,
Combustibles b  containment remains in place
Maintenance work evaluation Hazard Control Maintains assumptions of the Safety Analysis
e  Rotating Tools that the hazard remains separated from
hazardous materials
Source use evaluation Worker Control
e  Sealed Sources
Maintenance work evaluation Worker Control
. Contamination,
e  Heated Water,
o  Electric Heaters,
. Diesel Generator, Day Tank, Batteries,
o  Compressed Air, Compressors
. Drum Crusher,
. Rotating Machinery & Tools,
e Overhead Cranes,
. General Industnal Chemicals
. Asbestos,
e Polychlorinated Biphenyls
. Lead,
. Diesel Fuel (Gasoline) Storage Tank
Combustibles
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Table 56 Credited Protective Features for Standard Industrial Hazards

SMP PROTECTIVE FEATURE CLASSIFICATION REMARKS FOR HAZARD CONTROLS
QA Source package quality Worker Control
e  Scaled Sources
RAD Source package Worker Control
| ®  Scaled Sources
Shielding Worker Control
e  Sealed Sources,
o  X-ray Device
Protective equipment {job/hazard specific) ~ Worker Control
e  Sealed Sources,
o  X-ray Device,
e  Contamination _
Source/device mspection Worker Control
e  Scaled Sources,
e  X-ray Device
Postings Worker Control
e  Sealed Sources,
o  X-ray Device,
o  Contamination
ALARA Worker Control
e  Scaled Sources,
o  Contamination
Device Worker Control
e  X-ray Device
Confinements Worker Control
o  Contammation
Area surveys Worker Control
o  Contamination
Radiation work permts Worker Contro!
e  Contamination
TRAIN Training Worker Control
. 13 8 kV Transformers,
e Scaled Sources,
e X-ray Device,
e  Contamination,
e Heated Water,
o  Electnc Heaters,
o Diesel Generator, Day Tank, Battenes,
o  Compressed Air, Compressors,
¢  Drum Crusher,
¢  Rotating Machinery & Tools,
e  Overhead Cranes,
e  General Industnal Chemicals,
¢  Cupnic Chlonde,
e  Asbestos,
e Polychloninated Biphenyls,
e  Lead,
. Batteries,
o Duesel Fuel (Gasoline),
e  Unventilated Tunnels and Areas,
e  Battery Charging Stations,
e Daesel Fuel (Gasoline) Storage Tank
Combustibles
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Table 56 Credited Protective Features for Standard Industrial Hazards

SMp

PROTECTIVE FEATURE

CLASSIFICATION

REMARKS FOR HAZARD CONTROLS

WORK Work control

® 0 0 9 0 0 0 0 0 0 0 0 0 0 8 s S e e OGS

Rotating Tools

Hazard Control

Maintains assumptions of the Safety Analysis
that the hazard remarns separated from
hazardous matenals

Work control

13 8 kV Transformers,

Sealed Sources,

X-ray Device,

Contamination,

Heated Water,

Electric Heaters,

Diesel Generator, Day Tank, Battenes,
Compressed Air, Compressors,
Drum Crusher,

Rotating Machinery & Tools,
Overhead Cranes,

General Industnal Chemicals,
Cupnic Chionde,

Asbestos,

Polychlonnated Biphenyls,
Lead,

Battenes,

Diesel Fuel (Gasoline),
Unventilated Tunnels and Areas,
Battery Charging Stations,
Diesel Fuel (Gasoline) Storage Tank
Combustibles

Worker Control
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42  RADIOLOGICAL HAZARD CATEGORY DETERMINATION

The DOE has provided gurdance on the determination of a nuclear facility Hazard
Category 1n DOE-STD-1027-92 (Ref 3) The DOE Standard allows for the use of a facihity
mventory comparison to 1sotopic radiological thresholds, which are provided 1n the attachment to
the Standard, to determine an imtial nuclear facility Hazard Category The determination of a
facility Hazard Category primarily focuses on the radiological material inventones of the facility
but consideration must be given to other hazardous matenals or hazardous operations

The Hazard Category of a nuclear facility 1s used, 1n part, to determine 1if the facility 1s
exempt from the requrements of DOE Order 5480 23 (Ref 2) to develop a facihity Safety
Analysis Report (SAR) In addition, the nuclear facility Hazard Category can be used as one
consideration 1n the Safety Analysis graded approach concept

The Building 991 Complex nuclear facility Hazard Category 1s imtially determined using
the 1sotopic radiological thresholds provided in the Standard The radiological 1sotopes of
interest for the Building 991 Complex include (1) #°Pu in WG Py, (2) *'Am in WG Pu and n
higher concentrations associated with residue wastes, (3) 2°U 1n waste containers and Type B
shipping contamners, (4) 2°U 1n waste containers and Type B shipping contamners, and (5) 2*U n
waste containers and Type B shipping contamners The corresponding 1sotopic radiological
thresholds are presented 1n Table 57

Table 57 Hazard Category 2 and 3 Radiological Thresholds for Isotopes of Interest

"HAZARD CATEGORY 2 HAZARD CATEGORY 3
RADIOLOGICAL THRESHOLDS RADIOLOGICAL THRESHOLDS
ISOTOPE ACTIVITY (C)) QUANTITY (g) ACTIVITY (Ci) ‘QUANTITY (g)
233
U
(cnticahity precluded) 220 23,000 42 440
P
U
(criticality possible) 48 500 not apphcable not applicable
235
U
(criticality precluded) 240 110,000,000 42 1,900,000
733
U
(criticality possible) 00015 700 not applicable not applicable
'y 240 710,000,000 42 13,000,000
239
Pu
(cnticality precluded) 36 900 052 84
239Pu
(criticality possible) 28 450 not applicable not applicable
HAm 55 16 052 015
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The Building 991 Complex may handle waste containers with maximum radioactive
material loadings as presented in Table 16 and Type B shipping contamners with up to
6,000 grams of WG Pu The predominant radioactive matenals that will be found in the
Building 991 Complex are isotopes of plutonum blended with some americium rather than
uranium Examination of Table 57 indicates that the gram quantity radiological thresholds for
2°Pu and **' Am are less than comparable uranium 1sotope radiological thresholds 1n all cases In
addition, the radiological consequences of uranium 1n Type B shipping containers or waste
containers 1s bounded by equivalent containers of WG Pu For the above reasons, the container
inventories of uranium 1sotopes are not of interest

Since the ?Pu content of WG Pu 1s over 92% (see SARAH, Ref 8), Tables 16 and 57
would 1ndicate that the upper bound WG Pu content of 5 TRU waste 55-gallon waste drums
(approximately 920 grams of ¥°Pu), 1POC (approximately 1,155grams of *°Pu),
4 TRUPACT II SWB contaners (approximately 1,180 grams of #°Pu), or 4 metal waste boxes
(approximately 1,180 grams of *’Pu), would exceed the Hazard Category 2 threshold for Z*Pu,
even 1if a cnticality 1s precluded Since the Building 991 Complex can potentially store
thousands of waste containers, the complex can be considered a Hazard Category 2 nuclear
facility This categorization would be true even if the waste containers had inventories closer to
LLW rather than the upper bound WG Pu content of TRU waste In addition, a single, worst
case IDC (7 e, highest amencium content) POC would exceed the Hazard Category 2 threshold
for amencium

Due to the potential ®°Pu content and potential *'Am content of the Building 991
Complex waste containers, the Building 991 Complex 1s considered a Hazard Category 2 nuclear
facility based on exceeding the Hazard Category 2 radiological thresholds for both of the
1sotopes even though DOE-STD-1027-92 indicates that the inventory found in the Type B
shipping containers does not have to be considered in the complex inventory
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43 HAZARD EVALUATION

4.3.1 Hazard Evaluation Process and Imitial Hazard Evaluation

As stated earlier, the hazard 1dentification process 1dentified 44 hazards or energy sources
for the Building 991 Complex Of the 44 hazards, 22 hazards or energy sources were
characterized as Standard Industrial Hazards that do not need to be carned forward for further
hazard evaluation or analysis The remaining 22 hazards or energy sources are further evaluated
using a hazard evaluation process prior to performing an accident analysis for the Building 991
Complex Table 58 presents the set of 22 hazards or energy sources from Table 8 that are to be
considered 1n the hazard evaluation process The numerical codes associated with each hazard
shown 1n Table 58 relate back to the general hazard category (e g, Radioactive Matenals,
Kinetic Energy) and the specific hazards under each category For example, Hazard 7A
corresponds to specific hazard A, Vehicles, Material Handling Equipment, under general hazard

category 7, Kinetic Energy

Table 58 Building 991 Complex Hazards and Energy Sources to be Further Analyzed

# HAZARD / ENERGY SOURCE #, 1~ +HAZARD /ENERGY:SQURCE-

4A | Category I and II SNM 4B | Waste Containers

5B | Propane 5C | Natural Gas

5D | Pyrophoric Materials SE | Electric Power System

5H | Transport Vehicles 6C | Pressurized Metal Waste Containers

7A | Vehicles, Matenial Handling Equipment 8B | Raised Loads on Forklifts

8C | Stacked Waste Containers 11A | Receipt and Shipment of Waste Containers

at the Dock

11B | Receipt and Shipment of SNM Containers 11C | Movement of Waste Containers 1n the
at the Dock Facility

13A | Hydrogen Generation in Metal Waste 13C | Tunnel Degradation and Leakage
Containers

13E | Floor Loading 13F | Combustibles

13G | Natural Phenomena or External Event 13H | Natural Phenomena or External Event
Induced Fires Induced Spills

131 | Natural Phenomena or External Event 13J | Natural Phenomena or External Event
Induced Explosions Induced Criticalities

The hazards of most interest, 1n Table 58, are Hazard 4A, Category I and II SNM, and
Hazard 4B, Waste Containers The remaining hazards and energy sources either act on these

hazards (e g, Hazard 7A, Vehicles, Matenal Handling Equipment) or are subsets of these
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hazards (e g, Hazard 5D, Pyrophoric Matenals) In support of the hazard evaluation process,
logic diagrams, as described below, are developed displaying the manner 1n which each of the
remaining hazards and energy sources act on Hazard 4A and Hazard 4B No chemical hazards
are shown in Table 58 because chemicals are adequately controlled as Standard Industral
Hazards Therefore, 1t 1s not necessary to determine how other hazards and energy sources act on
the chemicals While chemical releases are not further evaluated, many of the failure
mechamisms, developed below, that result in radioactive matenal releases would apply to
chemical releases

The radioactive maternal hazards are contained or confined in various SNM and waste
contamners The material has an increased hazard to the IW and 1s only a hazard to the CW and
the public when 1t 1s released from 1ts container due to a container failure or when a cnticality
involving the matenal occurs The cniticality case can result in the release of radioactive matenal
that 1s not currently found in the contaners but 1s generated durning the criticality event
(1 e, fission products) However, the criticality event can also result in container failure due to
over-pressurization of the container Therefore, by 1dentifying manners 1n which containers can
fail, mechanmisms for radioactive matenal release can be determined

Two classes of radioactive matenal containers are identified for assessment of failure
mechamsms using logic diagrams (1) metal containers and (2) wooden containers Distinctions
between these two classes of containers are made because some mechamisms for failure of the
contaners are different (e g, wooden containers can burn, metal containers can overpressurize)
The logic diagrams for failures of metal contamners and wooden contamners are displayed 1n
Figure 1 and Figure 2, respectively

Figure 1 and Figure 2 display a logical connection between the 20 applicable hazards and
energy sources requiring further analysis (Hazard 4A and Hazard 4B are excluded) and container
failure The far left of the logic diagram begins with failure of the contamner. The next events
shown 1n the figures deal with a set of basic phenomenological mechamisms leading to failure It
1s assumed that no basic mechamisms for container failure exist other than (1) mechamcally
induced failure due to exterior events, (2) chemically induced failure due to mnterior and extenor
events, (3) thermally induced failure due to interior and exterior events, and (4) overpressure
induced failure due to intenor and exterior events Intentional opening of containers leading to a
release 1s not considered and 1s prohibited by Administrative Controls

Following each basic phenomenological mechanism, a series of more detailed
mechanisms are 1dentified out to one or more of the 20 hazards and energy sources (excluding
4A and 4B) from Table 58 Generally, a single hazard or multiple hazards are listed at the end of
the logic path In some cases, two sets of hazards are listed and are separated by a plus sign, “+”
In the two hazard set cases, the top set of hazards deals with a condition specification and the
bottom set deals with an imitiating event The natural phenomena and external event hazards are
listed by specific event (e g, Seismic) rather than general event type (e g, Natural Phenomena or
External Event Induced Spills) to aid 1n later analysis
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Figure 1 apphes to both Type B SNM shipping containers and metal waste containers
unless specifically stated otherwise The following assumptions are made 1n the development of
the logic diagram for metal container failure

(1) The Internal / Chemaical Failure path was not analyzed because

o the chemical failure mechanism 1s relatively slow,

e highly corrosive matenals inside waste containers will be prohibited without
prior neutralization, and

o free hiquds nside waste containers will be prohibited,

(2) The External / Chemical Failure path was not analyzed because

o the chemical failure mechamism 1s relatively slow,

o there 1s sigmficant potential for discovery prior to failure, and

o Inghly corrosive hquids 1n container storage areas will be prohibited without
full secondary containment of the iquid being 1n place,

(3) The Internal / Thermal Failure path was not analyzed because

o the internal fire must be sufficiently hot to melt through metal, and
o few combustibles associated with matenals 1n radioactive matenial containers
exist at the Site with sufficient combustion temperature to melt metal,

(4) The Facility Fire / Thermal Failure path only includes Propane because

o the external fire must be sufficiently hot to melt through metal,

o few combustion materials exist with sufficient temperature to melt metal, and

o the propane torch flame 1s assumed to directly impinge on the container in
order to reach metal melting temperatures,

(5) The Chemical Fire / Rapid Rate / Internal / Overpressure Failure paih was not
developed because

o the chemical reaction must be sufficiently fast to generate sigmficant
quantities of gas rapidly ,

o few chemical reactions associated with materials 1n waste exist at the Site with
significant fast gas generation capabilities, and

e mcompatible chemicals mnside waste containers will be prombited

There are 28 paths through the logic diagram on Figure 1  Eight paths exist for the
Mechanical Failure legs, one path exists for the Thermal Failure leg, and 19 paths exist for the
Overpressure Failure leg (1 e, 8 paths for Criticality, 8 paths for Material Fire (pyrophoric), and
3 other paths) All 20 hazards and energy sources are used 1n the figure

Figure 2 apphes to LLW wooden waste crates The following assumptions are made 1n
the development of the logic diagram for wooden container failure
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(1) The Internal / Chemical Failure path was not analyzed because

e the chemical failure mechanism 1s relatively slow, and
e highly corrosive matenals inside waste containers will be prohibited without
prior neutralization,

(2) The External / Chemical Failure path was not analyzed because

e the chemical failure mechanism 1s relatively slow,

o there 1s sigmificant potential for discovery pnor to failure, and

e highly corrosive iquids 1n container storage areas will be prolmbited without
full secondary containment of the hiquid being 1n place,

(3) The Internal / Thermal Failure path was not analyzed because

o there are a very limited number of LLW internal fire mechamsms,

e the predominant mission for the Bulding 991 Complex deals with TRU waste
rather than LLW; and

¢ ncompatible chemicals inside waste containers will be prohibited

(4) Overpressure Failure, Matenal Fire (pyrophoric), and Cnticality are not applicable to
LLW wooden containers because

e wooden containers are not sufficiently sealed to retain gases such that an
overpressure failure can occur,

e LLW will not contain any pyrophoric matenal, and
LLW cannot be configured 1n a manner to achieve a criticality

There are 9 paths through the logic diagram on Figure2 Eight paths exist for the
Mechamcal Failure legs and one path exists for the Thermal Failure leg Fifteen of the
20 hazards and energy sources are used 1n the figure

A total of 37 paths to radioactive matenal container failure have been 1dentified Each
path ends 1n a set of hazards and/or energy sources from Table 8 These paths have intermediate
terms that deal with the seven general types of accident scenarios listed in Table 7 Based on the
information from the figures, the general types of accident scenarios associated with each hazard
or energy source can be determined The results of that determination are shown in Table 8
under the “Remarks” column
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Having defined a relationship between facility hazards/energy sources and failure
mechanisms of radioactive material containers, 1t 1s possible to begin release scenario

development

The approach taken for performing this hazard evaluation step considers the

interaction of each logic path through Figure 1 and Figure 2 with Building 991 Complex

activities

A matrix 1s developed relating each mnitial scenano (1 e, path through the logic

diagrams) to each of the eight complex activities The matrix 1s presented in the form of a table
that presents the hazard evaluation imtial results Table 59 lists the 37 scenarios to be evaluated
and provides an 1dentification code for the scenario that will be used 1n later tables The order of
scenario presentation in Table 59 follows the order of progression from the logic diagrams

Table 59 Scenarios to be Evaluated from Logic Diagrams

SCENARIO

. m“r

oy e

] ~
W ) e
7 %z& 50 % &

Spill Scenario 1 Metal container spali (dunng movement) SPILL-1
Spill Scenario 2 Metal container spill (equipment impact) SPILL-2
Spill Scenario 3 Metal container spill (structure impact) SPILL-3
Facility Explosion Scenar1o 1 Metal contamner facility explosion FEXPLO-1
Spill Scenario 4 Metal container spill (stored contamer fall) SPILL-4
Puncture Scenarto 1 Metal container puncture (forklift, intentional move) PUNCT-1
Puncture Scenario 2 Metal contamer puncture (forkhift umpact) PUNCT-2
Puncture Scenano 3 Metal container puncture (structure impact) PUNCT-3
Facility Fire Scenario 1 Metal container facility fire (propane, direct flame exposure) FFIRE-1
Container Explosion Scenario 1 | Metal container explosion (hydrogen) CEXPLO-1
Cnticality Scenarnio 1 Metal contamer criticality (intentional move) CRIT-1
Criticality Scenario 2 Metal contatner criticality (drop during movement rearrangement) CRIT-2
Criticality Scenario 3 Metal container criticality (equipment impact rearrangement) CRIT-3
Criticality Scenario 4 Metal contamner criticality (structure impact rearrangement) CRIT-4
Criticality Scenario 5 Metal container cntu;ahty (facility explosion rearrangement) CRIT-5
Cnticality Scenario 6 Metal container cniticality (stored contamer fall rearrangement) CRIT-6
Crnticality Scenario 7 Metal container criticality (incorrect moderation) CRIT-7
Cniticality Scenario 8 Metal container criticality (incorrect loading) CRIT-8
Matenial Fire Scenario 1 Metal container material fire (container breach, during movement) MFIRE-1
Matenal Fire Scenano 2 Metal container matenal fire (container breach, equipment impact) MFIRE-2
Matenal Fire Scenario 3 Metal container matenial fire (container breach, structure impact) MFIRE-3
Matenial Fire Scenario 4 Metal container matenial fire (container breach, facility explosion) MFIRE-4
Matenal Fire Scenario § Metal container material fire (container breach, stored container fall) MFIRE-5
Matenal Fire Scenario 6 Metal container matenal fire (contamner puncture, forklift, intentional move) MFIRE-6
Matenal Fire Scenario 7 Metal container matenal fire (container puncture, forkhift impact) MFIRE-7
Matenal Fire Scenario 8 Metal container material fire (container puncture, structure impact) MFIRE-8
Facility Fire Scenano 2 Metal container facility fire (fuel fire) FFIRE-2
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Table 59 Scenarios to be Evaluated from Logic Diagrams

SCENARIO DESCRIPTION CODE -
Facility Fire Scenano 3 Metal container facility fire (combustible matenial fire) FFIRE-3
Spill Scenario 5 Wooden container spill (duning movement) SPILL-5
Spill Scenano 6 Wooden container spill (equipment impact) SPILL-6
Spill Scenario 7 Wooden container spill (structure impact) SPILL-7
Facility Explosion Scenano 2 Wooden container facility explosion FEXPLO-2
Spill Scenario 8 Wooden container spall (stored container fall) SPILL-8
Puncture Scenario 4 Wooden container puncture (forkhift, intentional move) PUNCT-4
Puncture Scenario 5 Wooden container puncture (forkhft unpact) PUNCT-5
Puncture Scenarto 6 Wooden container puncture (structure rmpact) PUNCT-6
Facility Fire Scenario 4 Wooden container facihity fire FFIRE-4

The hazard evaluation table (Table 62) 1s composed of nine columns (z e, one column
defiming the scenario and one column for each of the eight activities) The type of information
presented 1n each of the columns is described below

Column 1 - SCENARIO: This column defines the imitial scenario being evaluated It
presents each of the 37 scenaros or logic paths defined in Figure 1 and Figure2 The
scenarto 1s placed into one of the seven types of accident scenarios defined 1n Table 7 and
1s given a numerical designation (e g, Spill Scenario 3) Assumptions dealing with
scenario preliminary consequence bin assignments are also presented mn the column
(1 e, unmitigated releases assuming worst case ARRF values for the accident scenaro
type, non-lofted plume, and 95" percentile %/Q values for the CW are used to determine
mitial MAR thresholds for low and high consequence bins by assessing against the
evaluation guidelines presented 1n Table 2)

Columns 2 and greater - BUILDING 991 COMPLEX ACTIVITY: These columns
of the hazard evaluation table determine an mitial nsk class (using Table 1) for each
scenario under the corresponding activity If a particular activity deals with multiple
radioactive material containers (e g, WASTE deals with LLW crates/boxes, TRU waste
drums, TRU waste boxes, and POCs), the activity column will address each type of
contamner 1n the evaluation A likelithood of the scenario occurring under each activity 1s
determined taking no credit for any radioactive maternial container integnty (7 e, the
likelihood that the activity will place a container at nisk for the hazard being evaluated)
Likelthood information 1s presented 1n terms of frequency bin assignments A likelthood
of failure (1 e, contamner failure) 1s then presented for each container covered by the
activity by crediting container integrity Assumptions dealing with container integrity
under various scenar10s or other matters are presented separate from the hazard evaluation
table A scenario potential MAR for each contamner covered by the activity 1s then
developed using the information in Table 16 and Section 4 1 3, Radioactive Materials
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(Hazard/Energy Source 4) Based on the MAR thresholds for the scenario presented 1n
the first column of the table, a scenario consequence bin assignment 1s made for each
activity contamner Using the frequency bin assignment for container failure and the
scenario consequence bin assignment, a scenano imtial risk class 1s developed for each
activity and corresponding containers using the Table 1 categonzation scheme

Table 60 presents the basis for the MAR thresholds that are used 1n the first column of the
hazard evaluation table The thresholds are based on staying below CW evaluation gmdelines
using worst case ARRF values for the accident scenano type, non-lofted plume, Solubihity
Class W and 95® percentile %/Q values (referred to as “worst case” spills, fires, explosions) The
“Comments” column of the table indicates which material form ARRF value 1s used as a worst
case Facility explosion scenarios are imitially assumed to lead to spill events and facility
explosions use the MAR thresholds for spills

Table 60 Initial MAR Thresholds for Scenario Consequence Determination

SCENARIO , 33| #ARRF B
TYPE . VALUE LOW ﬁldn%‘;?‘f%:j{ . il | "COMMENTS
svbumcre ot | ouor | <atvgms | >ismgums | b
M;:::;lyl’;r:eor 005 <0063 grams >3 1 grams unconfined ﬁ;::mbustlble
Container Explosion 0001 <3 18 grams > 157 grams ovmr;f:se

Table 61 presents a listing of the general assumptions made (coded by the letter “G” and
applicable to an unspecified set of scenanos), assumptions made (coded by the letter “A”), the
protective features credited (coded by the letter “F”), and requirements specified (coded by the
letter “R”) 1n the development of the hazard evaluation table The “General Assumptions”
category covers assumptions made 1n the Safety Analysis that imtially do not apply to specific
accident scenartos (i e , apply to many or all scenarios) versus the “Assumptions” category that
applies to a few specific accident scenarios Except for the general assumptions, the scenarios to
which each assumption, feature, or requirement applies are listed in the table along with the
impact of the assumption, feature, or requirement Table 62 and Table 63 present the hazard
evaluation tables The hazard evaluation table was divided into two tables to support
presentation The first table deals with Building 991 Complex activities that deal directly with
radioactive materials (1 e, GEN, SNM, WASTE, and SURV) The second table deals with the
remaining activities (1 ¢, CHEM, CON, MAINT, and RA) The codes for the assumptions,
credited protective features, or requirements from Table 61 are presented 1n the hazard evaluation
table 1n each place that a “Likelthood of scenario” entry 1s not Anticipated and 1n each place that
a “Likelihood of failure” entry 1s not equivalent to the “Likelihood of scenario” entry (1 e, those
places where something 1s credited to reduce the event likelthood) The Table 61 codes follow
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directly after the hikelihood designation and a brief explanation 1s presented after the code In
contrast, the general assumptions made 1n the development of the hazard evaluation table are not
specifically identified in the tables for applicable situations

(L

Table 61 Assumptions/Credited Features/Requirements in Hazard Evaluation Tables

ASSUMPTION/CREDITED SCENARIO ASSUMPTION/FEATURE/
# FEATUREIREQU}RE@&&QT CODE REQUIREMENT IMPACT
G1 | LLW generated under the GEN not specified Sets the potential consequences for
activity has neglgible many GEN activity scenarios
contamination and will yield
low consequences n all cases
G2 | LLW containers contain no not specified Sets the potential MAR for many
more than 0 5 grams (WG Pu scenanos impacting LLW containers
equivalent) in metal drums and (3 grams for spills, punctures, and
3 grams 1n wooden or metal cniticahty potential)
boxes
G3 | Assumption deleted Rev 1
G4 | TRU waste contawners contain not specified Sets the potential MAR for many
no more than 200 grams scenarios impacting waste containers
(WG Pu equivalent) in metal (200 grams for facility fires and
drums and 320 grams 1n metal contamer explosions, 320 grams for
boxes facility fires, spills, punctures, container
explosions, and criticality potential)
G5 | A pallet of TRU waste drums not specified Sets the potential MAR for many
contains no more than 4 drums scenarios impacting pallets of waste
and only 2 drums can be containers (800 grams for pallet spills,
impacted by forkhift tines matenal fires, and criticality potential,
400 grams for pallet punctures and
matenal fires)
G6 | POC contawers contain no not specified Sets the potential MAR for many
more than 1,255 grams scenarios impacting POC containers
(WG Pu equivalent) 1n metal (1,255 grams for facility fires and
drums and 200 grams (fissile contaner explosions)
matenal) in metal drums
G7 | A pallet of POC drums not specified Sets the potential MAR for many
contains no more than 4 drums scenarios impacting pallets of POC
and only 1 drum can be contamers (5,020 grams for pallet spills,
impacted by forklift tines 1,255 grams for punctures, 800 grams
for criticality potential)
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Table 61 Assumptions/Credited Features/Requirements in Hazard Evaluation Tables

ASSUMPTION/CREDITED SCENARIO ASSUMPTION/FEATURE/
# | FEATURE/REQUIREMENT CODE REQUIREMENT IMPACT
G8 | Type B containers cannot be not specified Defines the potential interactions and
impacted by activities other corresponding types of containers for
than the SNM and SURV many scenarios
activities due to their storage
location and safeguards
restrictions
G9 | Type B containers are assumed not specified Sets the potential MAR for many
to contain 6,000 grams scenarios impacting Type B containers
(WG Pu equivalent) of oxide (6,000 grams for facility fires, spills,
punctures, and criticality potential)
G10 | Type B contamners containing not specified Sets the potentia] MAR for many
pyrophoric matenal are scenarios impacting Type B pyrophoric
assumed to contain matenal contamners (2,000 grams for
2,000 grams (WG Pu matenal fires)
equivalent) of metal
G11 | Type B shipping containers, not specified Defines the potential interactions for
POC contamers, and TRU many scenarios
waste contamers will not be
opened i the Building 991
Complex
Al | The CHEM, CON, GEN, SPILL-1-A/D/E/F/G Reduces the hkelihood of some direct
MAINT, and SURYV activities SPILL-2-A/D/E/F/G interaction scenaros dealing with
require a very limited amount PUNCT-1-A/D/E/F/IG container movements, other than
of container movements CRIT-1-A/D/E/F/G contamer explosion scenanos, by one
CRIT-2-A/D/E/F/G frequency bin
CRIT-3-A/D/E/F/G
MFIRE-1-D/E/F/G
MFIRE-2-D/E/F/G
MFIRE-6-D/E/F/G
SPILL-5-A/D/E/F/G
SPILL-6-A/D/E/F/G
PUNCT-4-A/D/EF/G
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Table 61 Assumptions/Credited Features/Requirements in Hazard Evaluation Tables

ASSUMPTION/CREDITED SCENARIO ASSUMPTION/FEATURE/
# | FEATURE/REQUIREMENT CODE REQUIREMENT IMPACT
A2 | Damaging high winds and SPILL-3-A/B/C Sets the hikelihood of natural phenomena
heavy snows are anticipated PUNCT-3-A/B/C events
events except over vaults, CRIT-4-A/B/C
damaging lightning strikes are MFIRE-3-B/C
anticipated events, freezing MFIRE-8-B/C
events impacting the complex SPILL-7-A/C
are anticipated, damaging PUNCT-6-A/C
heavy rans and flooding are
unlikely events, facility
collapse due to seismic events
1s unlikely except for below
ground vaults, damaging
tornadoes are unlikely events,
damaging range fires are
extremely unlikely events
A3 | Damagmng tunne} failure and SPILL-3-A/B/C Sets the likehhood of some internal and
floor loading failures are PUNCT-3-A/B/C external events
unlikely events, damaging CRIT-4-A/B/C
aircraft crashes are extremely MFIRE-3-B/C
unlikely events MFIRE-8-B/C
SPILL-7-A/C
PUNCT-6-A/C
A4 | Natural gas system failure FEXPLO-1-A/C Sets the likelihood for facility explosion
leading to an explosion CRIT-5-A/C events
mmpacting the facility 1s an FEXPLO-2-A/C
extremely unlikely event
A5 | Vault areas are not expected to FEXPLO-1-B Reduces the likehhood of container
be mmpacted by facility CRIT-5-B failure, for contamers located n vaults,
explostons mvolving natural MFIRE-4-B from scenarios dealing with natural gas
gas explosions to Beyond Extremely
Unlikely
A6 | The CHEM, CON, GEN, SPILL-4-A/D/E/F/G/H Reduces the ikehihood of some indirect
MAINT, RA, and SURV PUNCT-2-A/D/E/F/G/H mteraction scenarios dealing with
activities perform limited CEXPLO-1-A/E/F/G/H matenal handling equipment impacts on
operations with matenal CRIT-6-A/D/E/F/G/H other activity contatners by one
handling equipment MFIRE-7-A/D/E/F/G/H frequency bin
SPILL-8-A/D/E/F/G/H
PUNCT-5-A/D/E/F/G/H
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Table 61 Assumptions/Credited Features/Requirements in Hazard Evaluation Tables

ASSUMPTION/CREDITED SCENARIO ASSUMPTION/FEATURE/

# | FEATURE/REQUIREMENT CODE REQUIREMENT IMPACT

A7 | Due to the himited amount of FFIRE-1-A Reduces the likelthood of GEN activity
waste generation under GEN waste container failure from scenarios
and the expected locations for dealing with direct exposure to
the activity, direct exposure of flammable gases (1 ¢, torches) to
the waste contaner to propane Beyond Extremely Unlikely
or other flammable gases 1s
considered to be a beyond
extremely unlikely event

A8 | The SNM activity performs CEXPLO-1-B Reduces the hkelithood of indirect
operations with material interaction scenarios dealing with
handhing equipment 1n material handling equipment mpacts on
proximity to metal waste other activity hydrogen generating
containers but 1s unitkely to contamers by one frequency bin
interact with hydrogen
generating waste drums

A9 | Atleast 10 kilograms of CRIT-1-A Reduces the likelthood of criticalities

plutonium oxide are required to
yield a criticality mvolving
waste matenal (Ref 32)

CRIT-2-A/C/D/E/FIG
CRIT-3-A/C/D/E/FIG
CRIT-4-A/C
CRIT-5-A/C/F/G
CRIT-6-A/B/C/D/E/F/G/H

from scenarios dealing with less than
10 kilograms of plutonium contaminated
waste to Beyond Extremely Unlikely

A10 | Pyrophoric matenals (e g,
uranium fines) are not

MFIRE-1-C/D/E/F/IG
MFIRE-2-C/D/E/F/G

Reduces the likelthood of pyrophoric
material waste contamer scenarios to

mtroduced into the facility MFIRE-3-C Beyond Extremely Unlikely
under the WASTE activity MFIRE-4-C/F/G
MFIRE-5-A/C/D/E/F/G/H
MFIRE-6-C/D/E/F/G
MFIRE-7-A/B/C/D/E/F/G/H
MFIRE-8-C

All | Assumption deleted Rev 1
A2 | Transport vehicle fires are FFIRE-2-A/B/C Sets the hikelihood of the event

unlikely events
A13 | Due to the hmited amount of FFIRE-2-A Reduces the likelthood of GEN activity

waste generation under GEN
and the expected locations for
the activity, exposure of the
waste container to transport
vehicle fires 1s considered to be
an unlikely event

waste container exposure to scenarios
dealing with transport vehicle fires by
one frequency bin
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Table 61 Assumptions/Credited Features/Requirements in Hazard Evaluation Tables

ASSUMPTION/CREDITED SCENARIO ASSUMPTION/FEATURE/
# | FEATURE/REQUIREMENT CODE REQUIREMENT IMPACT
A14 | Due to the lower likelihood FFIRE-2-A/C Reduces the hkelihood of waste
that transport vehicle fires deal contamer failure from scenarios dealing
with the diesel fuel on the with transport vehicle fires by one
vehicle and the protection frequency bin
afforded by the cargo bed of
the trailer, transport vehicle fire
propagation to waste containers
1s an ynlikely event
F1 | Type B shipping containers SPILL-1-B/D Reduces the likelthood of Type B
cannot be breached by falls CRIT-2-B/D shipping contamner fatlure from scenarios
from any heaghts expected MFIRE-1-B/D dealing with dropped contamers to
during operation Beyond Extremely Unlikely
F2 | POC contamers cannot be SPILL-1-C/D/E/F/G Reduces the likelihood of POC container
breached by falls from any SPILL-4-A/B/C/D/E/F/G/H | failure from scenarios dealing with
heights expected during dropped contaners to Beyond Extremely
operation Unlikely
F3 | Metal waste containers are SPILL-2-A/C/D/E/FIG Reduces the likelihood of metal waste
unlikely to be breached by MFIRE-2-C/D/EF/G contamer failure for scenarios dealing
non-forklift ine impacts from with material handling equipment
material handling equipment mmpacts with containers, other than
expected during operation forkhift tine puncture scenarios, by one
frequency b
F4 | Type B shipping contamers SPILL-2-B/D Reduces the likelihood of Type B
cannot be breached by material CRIT-3-B/D shipping contaner fatlure from scenarios
handling equipment impacts MFIRE-2-B/D dealing with material handhing
expected during operation equipment impacts with contamers to
Beyond Extremely Unlikely
F5 | POC contamers cannot be SPILL-2-C/D/E/F/G Reduces the likehhood of POC container
breached by material handling failure from scenarios dealing with
equipment 1mpacts expected matenal handling equipment impacts
during operation with contamers to Beyond Extremely
Unlikely
F6 | Type B shipping containers are SPILL-3-B Reduces the likelthood of Type B
unlikely to be breached by PUNCT-3-B shipping contawmer failure for scenarios
structural member 1mpacts due CRIT-4-B dealing with structural members
to impact angle requirements MFIRE-3-B impacting containers by one frequency
and weight needed to lead to MFIRE-8-B bin
failure
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Table 61 Assumptions/Credited Features/Requirements 1n Hazard Evaluation Tables

ASSUMPTION/CREDITED SCENARIO ASSUMPTION/FEATURE/ °
# | FEATURE/REQUIREMENT CODE REQUIREMENT IMPACT
F7 | POC contaners are unlikely to SPILL-3-C Reduces the likehihood of POC container
be breached by structural PUNCT-3-C failure for scenanios dealing with
member impacts due to impact CRIT-4-C structural members impacting containers
angle requirements and weight by one frequency bin
needed to lead to failure
F8 | Type B shipping contamers FEXPLO-1-B Reduces the hkelihood of Type B
cannot be breached by any CRIT-5-B shipping container failure from scenarnos
external flammable gas MFIRE-4-B dealing with natural gas or propane
explostons expected during explosions to Beyond Extremely
operation Unlikely
F9 | POC contaners cannot be FEXPLO-1-C/F/G Reduces the likelthood of POC contamer
breached by any external CRIT-5-C/F/G failure from scenarios dealing with
flammable gas explosions natural gas or propane explosions to
expected during operation Beyond Extremely Unlikely
F10 | Metal waste contamers are PUNCT-1-A/C/D/E/F/G Reduces the likelihood of metal waste
unlikely to be breached by PUNCT-2-A/B/C/D/E/F/G/H | contamer failure for scenanos dealing
forklift tine impacts due to MFIRE-6-C/D/E/F/G with forklift tines impacting containers
impact angle requirements MFIRE-7-A/B/C/D/E/F/G/H | by one frequency bin
needed to lead to failure and
waste packaging
F11 | Type B shipping containers are PUNCT-1-B/D Reduces the likelihood of Type B
extremely unlikely to be MFIRE-6-B/D shipping contamner failure for scenarios
breached by forklift tine dealing with forklift tines impacting
impacts due to impact angle containers by two frequency bins
requirements needed to lead to
failure and SNM packaging
F12 | POC containers are extremely PUNCT-1-C/BD/E/F/G Reduces the likehhood of POC contamer
unlikely to be breached by PUNCT-2-A/B/C/D/E/F/G/H | failure for scenarios dealing with forkhift
forkhft tine impacts due to tines mmpacting contamers by two
impact angle requirements frequency bins
needed to lead to failure and
waste packaging
F13 | Metal waste containers are CEXPLO-1-A/B/C/D/E/F/G/H | Reduces the likelithood of metal waste
extremely unhikely to be contamner failure for scenanos dealing
breached by internal hydrogen with internal hydrogen explosions by
explosions due to metal waste two frequency bins
container venting
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Table 61 Assumptions/Credited Features/Requirements in Hazard Evaluation Tables

ASSUMPTION/CREDITED SCENARIO ASSUMPTION/FEATURE/
# | FEATURE/REQUIREMENT CODE REQUIREMENT IMPACT
F14 | POC containers cannot be CEXPLO-1-C/D Reduces the likelthood of POC container
breached by any potential failure from scenarios dealing with
mternal hydrogen explosions mnternal hydrogen explostons to Beyond
Extremely Unlikely
F15 | Type B shipping containers FFIRE-2-B Reduces the likehhood of Type B
cannot be breached by any FFIRE-3-B shipping container failure from scenarios
external fires expected during dealing with facility fires, other than
operation, except direct flame direct flame impingement torch fires, to
mmpingement torch fires Beyond Extremely Unlikely
F16 | POC contamners cannot be FFIRE-2-C Reduces the hkelihood of POC contamer
breached by any external fires FFIRE-3-C/E/FIG/H failure from scenanos dealing with
expected during operation, facility fires, other than direct flame
except direct flame mmpingement torch fires, to Beyond
impingement torch fires Extremely Unlikely
F17 } Flammable gas contamers are FEXPLO-1-F/G Reduces the likelihood of explosion or
unlikely to be breached during CRIT-5-F/G fire scenarios due to use of flammable
use FFIRE-3-F/G gases by one frequency bmn
FEXPLO-2-F/G
FFIRE-4-F/G
R1 | Stacking of Type B shipping SPILL-4-B Reduces the hkehihood of Type B
contaners 1s prohibited CRIT-6-B shipping container spills associated with
MFIRE-5-B stack topphng to Beyond Extremely
Unlikely
R2 | Propane or other flammable FFIRE-1-B Reduces the likelthood of Type B
gases are prohibited from shipping contamner breaches associated
vaults while SNM 1s present with direct flame impingement from
torches to Beyond Extremely Unlikely
R3 | Work controls are required to FFIRE-1-C/F/G Reduces the likelthood of metal waste
ensure that waste container container failure from scenanos dealing
direct exposure to propane or with direct exposure to flammable gases
other flammable gas flames 1s (1 e, torches) to Extremely Unlikely
an extremely unlikely event
R4 | Type B shipping containers CRIT-1-B/D Reduces the likelihood of intact Type B
shall be designed and used in a CRIT-2-B/D shipping contaner criticalities to Beyond
manner to preclude a criticality CRIT-3-B/D Extremely Unlikely
as long as the containers CRIT-7-B
remain intact CRIT-8-B
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Table 61 Assumptions/Credited Features/Requirements in Hazard Evaluation Tables

ASSUMPTION/CREDITED SCENARIO ASSUMPTION/FEATURE/

# | FEATURE/REQUIREMENT CODE REQUIREMENT IMPACT
R5 | Waste containers in the CRIT-1-C/D/E/F/G Reduces the likelihood of intact waste
Building 991 Complex shall be CRIT-7-C container cniticalities to Beyond

designed and used in a manner CRIT-8-C Extremely Unlikely
to preclude a criticality as long
as the contamners remain intact

R6 | Requirement deleted Rev 1

R7 | Requirement deleted Rev 1

R8 | A combustible material and FFIRE-3-A/B/C/E/F/G/H Reduces the hkelthood of facility fires
1gnition source control program FFIRE-4-A/C/E/F/G/H potentially impacting radioactive
shall be mplemented to make matenal to Unlikely
fires in areas contamning staged,
stored, or m-process (1 ¢, GEN
activity) radioactive matenal
unlikely events

R9 | A hot work control program FEXPLO-1-F/G Reduces the likelihood of facility
shall be implemented to make CRIT-5-F/G explosions potentially impacting
flammable gas explosions 1n FEXPLO-2-F/G radioactive material by one frequency
areas containing staged, stored, bin
or m-process (1 e, GEN
activity) radioactive material
unlikely events

R10 | Type B shipping containers MFIRE-3-B Reduces the likelithood of a Type B
received at Building 991 shall MFIRE-6-B/D shipping contaner containing
meet the requirements of MFIRE-8-B pyrophoric matenal to unlikely
1-W89-HSP-31 11
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Table 62 and Table 63 presented the hazard evaluation matrices for the Building 991
Complex Five types of containers containing radioactive matenal were evaluated (1) Type B
shipping contaners, (2) POCs, (3) metal TRU waste containers, (4) metal LLW containers, and
(5) wooden LLW containers These container types were assessed against 296 release scenario
and activity combinations yielding a potential 1,480 combinations of container types, scenarios,
and activities However, not all container types were applicable to all the scenario and activity
combinations

Each combination of container type, initial release scenario, and activity was evaluated
for applicability of the activity to the container / scenario combination, credibility of applicable
activity / container / scenario combinations, and nisk class of credible combmations At this
point, combinations that are not applicable can be removed from further consideration
Combinations that are not credible can be removed from further consideration as long as any
assumptions, protective features, and/or requirements associated with making the combination
not credible are carrted forward The remaining combinations have nisk class determinations that
can be used for determiming candidate accident scenarios for the accident analysis step of the
Safety Analysis

To support the development of candidate accident scenarios, a summary table of the
hazard evaluation results 1s developed and displayed in Table 64 The table lists each of the
37 release scenarios along with a bnef description of the scenario The scenario description
includes a designation of whether the scenario 1s an internal event (IE), an external event (EE), or
both and provides the numencal codes for the scenario set of hazards/ energy sources from
Table 8 For each scenario, Table 64 presents a listing of the five container types (shown under
the “Type” column of the table) and the eight general activities associated with the Building 991
Complex A matrix of hazard evaluation results 1s presented for the 1,480 activity / container /
scenario combinations indicating 1f the combination 1s not applicable (NA), not credible (NC), or
not specifically addressed 1n the hazard evaluation tables (“blank™) and therefore not applicable
For combnations that are applicable, credible, and addressed, the table displays the scenario
mtial nisk class (I, II, III, or IV) along with the corresponding frequency bin (A - anticipated,
U - unlikely, or E - extremely unlikely) / consequence bin (L - low, M - moderate, or H - high)
combmation yielding the nsk class result Rusk Class I and II scenanos are shown as shaded in
the table to highlight the 1mtial release scenarios that must be carried forward for further analysis
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As stated above, Table 64 presents all 1,480 combinations of container types, release
scenarios, and activittes Examination of Table 64 indicates the following

e 1,111 combinations are not applicable (z ¢, marked “NA” or left blank),

e 205 combinations are not credible (47 matenal fires, 11 facility fires, 22 spulls,
11 punctures, 14 container explosions, 4 facility explosions, and 96 criticalities),

e 21 combmnations are Risk ClassIV (0 matenal fires, 3 facility fires, 5 spills,
11 punctures, 0 container explosions, 2 facility explostons, and 0 criticalities),

e 64 combmations are Risk ClassIII (0 material fires, 2 facility fires, 37 spills,
19 punctures, 0 container explosions, 6 facility explosions, and 0 criticalities),

e 37 combmations are Risk ClassII (0 material fires, 8 facility fires, 5 spills,
15 punctures, 2 container explosions, 3 facility explosions, and 4 cniticalities), and

e 42 combmations are Risk ClassI (0 material fires, 15 facility fires, 18 spills,
7 punctures, 0 container explosions, 0 facility explosions, and 2 criticalities)

Of the onginal 1,480 combinations 1n the hazard evaluation, 290 combinations potentially
have assumptions, protective features, or requirements that are necessary to maintain a low risk
class designation or to remain not credible scenarios The 79 combinations yielding Risk Class I
or Risk Class II scenarios provide the impetus for further analysis The discussions that follow
lead to the determination of the bounding set of accident scenarios to be carried forward to the
accident analysis portion of the Safety Analysis

Pnior to entering the bounding accident scenario selection process, the set of scenarios to
be considered 1n the evaluation must be defined Obwviously, the 1,111 scenario combinations
that were determined to be not applicable can be removed from consideration The 205 scenaro
combinations that were determined to be not credible (1 e, Beyond Extremely Unlikely) are
candidates for removal from consideration as long as the set of assumptions, protective features,
and requirements 1dentified in the hazard evaluation table that lead to the low scenano frequency
determination are carried forward nto the final control set specified in the Building 991 Complex
TSRs This approach will be taken to remove the not credible scenarios from further analysis
and the corresponding controls are identified below The Rusk Class I, II, III, and IV scenarios
will enter the bounding scenario selection process

The assumptions, protective features, and requirements supporting the determination that
a hazard evaluation scenarto combination 1s not credible are 1dentified and defined in Table 61
through Table 63 Table 65 lists the 205 scenario combinations (1 e, scenarto label and container
type) that were determined to be not credible along with the controls that support and maintain
that determination These 1dentified controls must be included in the TSR control set for the
Building 991 Complex
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Table 65 Credited Protective Features and Requirements Yielding Not Credible Scenarios

SCENARIO CODE TYPE | ASSUMPTION/FEATURE / REQUIREMENT | CONTROL/{
REMARKS
MFIRE-1-B/D, Type B | F1 - cannot be breached by potential falls, Type B
MFIRE-2-B/D, F4 - cannot be breached by potential vehicle Shipping
MFIRE-4-B, impacts, Container
FFIRE-2-B, F8 - cannot be breached by potential external Design
FFIRE-3-B, flammable gas explosions,
SPILL-1-B/D, F15 - cannot be breached by potential external fires
SPILL-2-B/D, other than torches
FEXPLO-1-B,
CRIT-2-B/D,
CRIT-3-B/D,
CRIT-5-B
MFIRE-6-D, Type B | A1/F11 - unlikely to be moved and extremely Type B
PUNCT-1-D unlikely to be punctured by vehicle impacts Shipping
Contamer
Design
MFIRE-5-B/D Type B | Rl - Type B containers only staged in single planar | Administrative
array Control
FFIRE-1-B Type B | R2 - flammable gas use n vaults prohibited while Admnistrative
SNM 1s present Control
CRIT-1-B/D, Type B | R4 - cannot be arranged to yield criticality if intact Crniticality
CRIT-2-B/D, Safety
CRIT-3-B/D, Requirements
CRIT-7-B,
CRIT-8-B
MFIRE-3-B, Type B | A2/A3/F6/R10 — Type B containers unlikely to be Administrative
MFIRE-6-B/D, breached by structural impact and contasners Control
MFIRE-8-B comphant with 1-W89-HSP-31 11
F11/R10 — Type B contaners extremely unlikely to
be breached by forkhft tine impacts and contamers
comphiant with 1-W89-HSP-31 11
FFIRE-2-C, POC F2 - cannot be breached by potential falls, POC Design
FFIRE-3-C/E/F/G/H, F5 - cannot be breached by potential vehicle
SPILL-1-C/D/E/F/G, umpacts,
SPILL-2-C/D/EF/G, F9 - cannot be breached by potential external
SPILL-4-A/B/C/D/E/F/G/H, flammable gas explosions,
CEXPLO-1-C/D, F14 - cannot be breached by internal hydrogen
FEXPLO-1-C/F/G, explosion,
CRIT-5-C/F/G F16 - cannot be breached by potential external fires
other than torches
Revision 2 184 NSTR-011-98

September 1999 B991 Complex FSAR Support

ot



Table 65 Credited Protective Features and Requirements Yielding Not Credible Scenarios

SCENARIO CODE TYPE | ASSUMPTION/FEATURE/REQUIREMENT | CONTROL/
REMARKS
PUNCT-1-D/EF/G, POC A1/F12 - unlikely to be moved and extremely POC Design
PUNCT-2-A/D/E/F/G/H unlikely to be punctured by vehicle impacts,
AG6/F12 - unlikely to be impacted and extremely
unhikely to be punctured by vehicle impacts
CEXPLO-1-A/B/E/F/IG/H metal AG6/F13 - unitkely to be impacted and extremely Vented Metal
contaner | unlikely to have internal hydrogen explosion, Contamer
AB8/F13 - unlikely to be impacted and extremely
unlikely to have mternal hydrogen explosion
CRIT-1-C/D/E/F/G, metal | RS - cannot be arranged to yield criticality 1f intact Cnticality
CRIT-7-C, contamner Safety
CRIT-8-C Requirements
MFIRE-1-C/D/E/F/G metal A10 - no pyrophoric matenal contamers will be Admmstrative
MFIRE-2-C/D/E/F/G contamner | brought into the facility Control
MFIRE-3-C
MFIRE-4-C/F/G
MFIRE-5-A/C/D/E/F/G/H
MFIRE-6-C/D/E/FIG
MFIRE-7-A/B/C/D/E/F/G/H
MFIRE-8-C
FFIRE-2-A metal | A12/A13/A14 - unlikely transport vehicle fires, Vehicle
contauier | unlikely exposure to in-process contamers, and Inspection
unlikely fire propagation
FFIRE-1-A metal A7 - tume associated with generation of waste under No control,
contamer | the GEN activity 1s very limited basic
assumption
CRIT-1-A, metal A9 - 10 kilograms of oxide needed for criticality No control,
CRIT-2-A/C/D/E/F/G, container basic
CRIT-3-A/C/D/E/F/G, assumption
CRIT-4-A/C,
CRIT-5-A/C/F/G,
CRIT-6-A/B/C/D/E/F/G/H

4.3.2 Planned Design and Operational Safety Improvements

Building 991 1s installing a fire door between the Office Area (Room 101 through
Room 129, south portion of the building) and the radioactive matenal storage areas (closest area
1s Room 134) 1n the north-south corridor of the faciity This design improvement serves to
reduce the threat of Office Area fires propagating into the waste storage areas of the facihty
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Building 991 1s upgrading the fire door between Room 170 and Room 141 and the fire
door between Room 170 and Room 134 This design improvement further establishes the fire
barrier between the north and south fire zones, as defined 1n the Fire Hazards Analysis (FHA), of
the facility (Ref 33)

Sigmificant quantities of matenals, including combustibles, are being removed from
Building 991 1n preparation for waste storage The areas currently being cleared include
Room 143, Room 155, and Room 1